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} To our great satisfaction we have received from a number of colleagues in 
eax different countries remarks, criticisms and expressions of approval concerning 

Pecnour ‘proposals. In this way every aspect of the matter has been thoroughly 
examined. We are very much obliged to them for these marks of interest ond 
wish to express to all our correspondents our warmest thanks. 


Many of these remarks and criticisms are very important and highly interesting. 
To give a suitable presentation of them we have classified the replies under various 
_ headings, indicating at the same time which of the correspondents raised them. 


I. Objections offered to a system of speed signalling aspects 
. developed on a logical basis. 
These objections are principally based on the following points : 


a) Braking distances are not always uniform. 


Reply : 
fa, Mer. TRAIN, This is in fact a disadvantage but possesses less import- 
Mr. TATTERSALL, ance on the Netherlands Railways seeing that in the Nether- 
LNER., lands all trains are fitted with continuous brakes while an 


a), b), d). increase in the percentage of braking power is contemplated. 


. (*) See article by Mr. VeRsSTEGEN, describing the signalling system in question in the 
Congress Bulletin for August 1948, /p. 461. 


Mr. LASCELLES, ey, The ‘number of: i epocts (10) is the in mi um Ay coh ale Af; 


(Railway Gazette), of a 3-speed system functioning. — 


‘Mr. WOODBRIDGE, In fact the following are necessary : ; , 
Mr. TYLER, ~ _ 1 red (no height or particular position on the post is laid 
G.W, down for this colour which appears singly [without white]) ; 
RE hush 2-4 yellow at three positions on the ses in view of its” 
‘Mr. ROYLE, - giving warning for red; Te 
L.MS.R., ; «5-7 green at three positions on ihe on and; ~ [apes 
57B)\05d ce ») 8-10 the three reduced speed indications : 
Mr. WALTER, green } green ) white eee : 
French National Rys., green », White ) and green. — cP 
b). “white! green) == green 
Mr. Ladislas VARGA, — To fix our ideas we give here again in four paragraphs 
Mr. KULMANN, the principles of the signal aspects with which trials are 
now being carried out: — . os 


Hungarian State Rys., 

d). 1) In any one signal eneae one Galy of the three colours | 
red, yellow or green can appear. The white lights (Junar- 
white) are complementary and serve solely to “enable the 
driver to determine the position on the post among the 
three lights showing of any particular coloured light. 


2) Red appears by itself without any white complementary 
or « marker » light. 


8) Yellow can appear in any one of the three positions on 
the post, but in every case there always appear one 
yellow light and two white ones. 


N.B. — Red is invariably preceded by yellow; yellow is 
always followed by red, that is to say in the 3-aspect 
system we always have the order green-yellow- Pa 
the 4-aspect system, where there is no difference C of 
height on the post involved (if the distance yellow-red 
‘falls within braking distance) the sequence is green, 
yellow, flashing yellow, red. (Trials showed that violet 

- was not a satisfactory colour.) A 
In the 5-aspect system, similarly arranged (where this 
refinement shall prove necessary) the s quence of aspects 
can become : green, yellow, flashing y dow. (75 per mi em ; 
flashing yellow (180 - per min.), red. oe eth oi oe 


& 
8 ED ie, ree 


rane to modify the existing signal aspects 
e lines of those ‘now proposed without bringing 
great inconvenience that temporarily similar 

_ aspects will be. conveying different meanings. 


si : Reply : ; + ~ 4 5 t 14 
i > There will be no difficulty in this respect on the Nether- 
ES Oe ee lands Railways. : 
ed serie ’ _ d) The fact that the direction to be taken by the train is 
aa ‘not shown at junctions is represented as a disadvantage 
ome eS. in etiaaaats existing ee 
2 aire ha hh Sa ‘ m 
ae fea 
a. 
a ie sty Tn our opinion speed is the dominant factor and direction 
secondary. It would always ke possible to add some sign 
gions ¢ of direction to the signal aspect (for example in the form 
Malian tat oo! of an arrow (junction indicator) or «marker» at those 
‘wah 5 places where it is considered to be absolutely necessary, as 
iernr + -at junctions between stations with the same speed permis- 
et _ sible on both branches. 
TLL, Objections to the form of the signal itself. 
L 3 a) Some consider the signal showing 8 lights to be too 
ear ot 6! + ‘ complicated. 
A a : nea $5: PY ie os , and Reply : 


In a three-speed tien it is only by means of aspects 


a), b), ays) meaning inherently. in themselves are possible. For a very 

- Jong time such three-light aspects have been in service in 
Mr. Gunnar KAVLI, America where, it is true, they are used with another pur- 
Norwegian FY . pose and meaning and even with more than ten aspects, 
a). ©. + . — which however do not obviously convey their meaning from 


French } Gienal Rys., showing 3 lights that such indications, conveying their — 


signals.) In the 
_ are imperfectly showing, speci 


exhibited. It is only the failure ofa yell 


under which no incomplete aspect can at tthe wi 
a speed higher than that which it would allow o of 


that can constitute a danger since the light \ 
become a steady one, but this is provided for by so arra: anging — 
matters that if the flashing fails the lights shall ‘Bon out 


altogether. ee eed 
b) The application of a white light in the signal aspects. 

brings about a reduction in ge. a ie 
Reply : 


In our arrangement of nities and using the zg Junar® 
white » light in “the «searchlight » type of signal unit, we 
have not found any drawback to exist in this system. It 
must be borne in mind that : 


1) Red is very clearly visible and can be peresived at any 
distance desired; 


2) Yellow is equally easy to distinguish. Shown adhe top 
or at the bottom it is observable also at a great distance. 
Showing from the middle unit it cannot be seen so far, 
although from the fact that yellow is seen to be neither is 
at the top or the bottom it is possible to conclude that 
it is being shown from the centre unit, it is nevertheless 

_ of interest to endeavour to ascertain at what distance the 

driver can be sure that this is the case. Strictly speaking — , 
this should only take place at the signal itself, seeing that 
it has to be preceded by either : green showing from the 
middle unit (in which case it is only necessary to take 
action after the yellow signal); green at the top and in — 
the middle, in which case the speed at the yellow should 
have been brought down to medium (indicated by thes ere 
middle green in the preceding signal). (In the case o 
fog, action is only taken after passing such preceding 
signal.) Taking into account the fact that a signal aspect 
may become more favourable after a train has passed 
the preceding one (which itself was calling for a adie 
tion of speed) it is desirable in order to avoid an unne- 
cessary reduction, in clear weather, to be able to see ae 


Y Mr. ‘ . RD, 
ache State Rys., 
qd). 


the aid Sees the green me we "find that ee oe cater 
is Danae distinct at a great distance in either the top 
unit, but less so when showing from the 


middle one. Here again we have to be satisfied with the — 


requirement above mentioned and this is quite fully met. 


The most unfavourable condition that we can think of 
would be that in which a driver perceived insufficiently 
: clearly either yellow or green showing from the bottom 
unit while the speed was still high (the preceding signal 
showing green at the top and at the bottom). He ought 
to be able in that case to perceive the signal aspect dis- 
tinetly at the point where braking distance from high 


to low speed begins. This also is satisfactorily complied 


with. 


The « searchlight » type of signal is less reliable in opera- 
tion than the type having no internal spectacle mech- 
anism. 


is) 
— 


Reply : 


Our many years experience of this type of signal and 
practice in many other countries (America for example) 
have proved that these signals are not less reliable in work- 
ing than other kinds while they offer in addition consider- 
able advantages. 


d) The number of lights showing at the same time could 
be reduced by using flashing lights. 
Reply: ; 

That is so but it would be detrimental to the clearness of 
character of the signal aspects besides which it is found in 
practice that the running staff raises objections to the 
general application of flashing lights and for this reason 


the use of this more complicated arrangement has to be 
kept to a minimum. 
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In conclusion we express once more our cor 
‘has been shown in this’ question, and the 
result of inducing colleagues, who may - 
from us, to come and see the system in oper: 
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Superelevation and maximum speeds as functions of 


the radius of curves and of gradients, 
(Continued *) 
by Demosra. PROTOPAPADAKIS, 


Civil Engineer, 


Professor of (Railway) Engineering, National Polytechnic School, Athens. 


PART TWO. 
SPEED SECTIONS. 
Summary. 
Chapter 1. 
A. Foreword. 
1. Introduction. 
2. Symbols and formulae. 
3. a) Formulae V = /f(p) and their rational application. 
b) Rational use of formulae Vp = f (9) or Vi = oft). 
B. Existing formulae V = f(o) and proposed formulae. 
Table No. I: speeds V as functions of ° ‘ 
Graph No. II: max. speeds V = f(p) through curves and 
speed ranges on normal gauge track. SPAS wars Bali dae 
C. Formulae V; = 9(i) and eo = (0); their rational uses. 
a) Formulae V; = 9 (i). 
Tables: II and III : speeds V and radii 9 as functions of 7. 
Graph III: speeds V as functions of i. 


Graph IV: high, medium and low max. speeds as func- 
tions of i. 


b) Value of Q> i, V and A on the German Railways. 
c) Formulae = %, (i). 
Remark. . 


d) Rational uses of the formulae. 


Pages. 
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531532 
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(*) See Bulletin of the International Railway Congress Association for May 1948, p. 286. 


~ HON Prin. ANd tax. 


‘Dz Effects of max. Geerey 
ie 


Influence of max. speeds zo) 


Table ‘Iv: Reactions of various | max. sivaeabn fas ts ith 


2. Smooth running and wear on rails and BYTE. Sees 


a) Smooth running. - 
b) Wear on rails and tyres. 


3. Resistance to and forces opposing train running greatly 


ur ves and 


. . . 


. ie)? ge 


of 
1 


increase with higher speeds: Influence of ann speeds on te 
safe running. % fe) a) a ak), a RE ee, tea 547548 
4, Safety. ee ie Bae 543 ee 
5. Co-ordination of ae for high, medium and low max. eros 
speeds. A Sissy ten A Ph eke eo 549 aon 
1) High max. bits : 549 
2) Medium max. speeds. . Ewe 549 
3) Low max. speeds. dtd ean 549 
6. Large and frequent variations of radius and gradient. ares/aiewe a 
a drawback from several points of view. .. . ee oes 550 
thes Necessity for greater opposition to the aan for speed xe my 
increases above 90-100 km./h. . Ae es 550—551 


N.B. — Works to be consulted are listed at the end of the second part of this 


article. 


PART TWO. 
Chapter 7. 
A. FOREWORD. 
i: Introduction. 


In the working time tables train crews 
are given average speeds between conse- 


cutive stops, as well as the time allowed 


for the distance. 
The speed thus prescribed should not 


exceed the smaller of the. two speeds 
Vp=f(e) or Vi= $(t), calculated ac- 


cording to the characteristics of the sec- 
Curves of radius 
e’ > min. would be suitable for a speed 
Veli, — f(¢e) if Vi > Vo; ? advantage 


will be taken of this to give them a cant | 
of @ — dp; 9’ less than that of d, pro- 
vided for curves of radius g. On gra- — 
dients a’ < i, the speed V; = 9(i) will 

be attained ie Voce Vo. . 

In the article published in the lee 
national Railway Congress Bulletin dated 
December, 1933, mention was made of 
the great diversity between the formulae _ 
Vp = f(¢) and V, = 9(é) used by he 
various Administrations. From this. 
will be seen that the Administration: re 
‘not agreed on the value of average run” 
ning speed or on the max. speed Nie 
most suitable for each speed range, com- 
prising frequent curves of minimum Ta- 
dius Pmin. OF max. gradient tian ; 


¢ ae ee Vo = “fle )V 
) and ep = 9,(i) and their mein 
. interpretation; 


Ze give some concise information on 
the formulae included; 


3. indicate in Table No. IV the reac- 
tions resulting from the speeds Vp or V,_ 
used on other graded or level curves and 
their effects from the point of view of 

4) smooth running and 2) wear — 
greater or smaller — on rails and wheel 
tyres; 


4, oppose frequent and, more particu- 
larly, large variations in plan or profile 
of the rail alignment; 


5. stress the considerable increase in 

resistance, particularly the opposing for- 

- ces in still air, with He ac high 
speed; 


6. stress the necessity for stronger 
opposition to the tendency to increase 
speeds beyond 90-100 km./h. or 105 
km./h. (56-62 or 65 m.p.h.). 

We may note finally that the present 
article is considered complementary to 
that of the December, 1933, Bulletin, 
mentioned above; reference is made to 
this to avoid tedious repetitions and to 
emphasise that the themes of the two ar- 
ticles are similar, ie. the difference of 


elite ets ‘thereot. 


ae Symbols and formulae used. 


The following are used : 
 Vinin.— the speed of the slowest trains 
over the section which has Pmin. aNd t max. 
as characteristic elements of the align- 
ment, in km./h.; 

V — the max. running speed over the 
section, in km./h.; 

V, — the max. speed authorised by the 
Administration (120 km./h. in France 
[75 m.p.h.]); 

V, — the speed used in the theoretical 
formula for calculating superelevation, in 
km./h. (neutral speed) ; 

Uq — the speed at which maximum 
efficiency of the motors is recorded (in 
m./sec.) ; 


v — the speed corresponding to V 
(v = V: 3.6) in m./sec.; 
eo’ — all radii in the section greater 


than the radius p or. exceptionally, 


smaller than p, in metres; 

i, — gradients in excess of which it is 
necessary to brake, in mm./m.; 

= 1500 mm. The distance between 

the rail axes for normal gauge track; 

h — the superelevation calculated for 
V, on curves of radius e, in mm.; 

h, — the maximum superelevation 


- (= 150 mm. for this article) in mm.; 


_h’ — all other superelevation in curves 
of radius e opite section (h’ = he: p’) 
in mm.; 

ued, a, He d’ — the cant corresponding 
to the ‘superelevations hen, and. ho (d= 
h ho d’ 2 de’ 
e 


LL a 


e° o] 


of tate ay eeby on “ithe ve ne in 
i epters, and ae lt of thie \ 


vz i we mil ad r — _ brake | resistan 


ae Ubi 6 ee Ggala (ial ae 
Pe = le: ° = 0.10246 


ay ; eS h 5 - y?2 Fj 7a ; 
ie aH a 12.969 SAR form : 
Pi —) = 9 = O0.A02an Mya Eat 
* S — the maximum transverse section ; 

Re ce. of a normal gauge train, taken here as whieh varies s from 2.85 on 

i Aiea - to 5.00 for motored sets; B 
ee ; : aig zero or negative number, according. to 
a. ae R, — 0.006V? x S = 0.066V? the re- whether the speed V is smaller equal to, 


ah sistant effort in still air to the movement oy Jarger than that which would be given 


: Piet of a normal gauge train, in kgr.; by the formula. v= ot Vo: 65 B. itself can 
oer T, — 0.0002444...V? the work corres- he a function of p; itis equal to “s 
Be ponding to the resistance R, in units of ARQ. 
Ry 78 kgr./sec.;  - 0.00015803¢* + 64.6834 


. m’ — the mass of inertia of a train, in the type 
Ps. ; including motor (m’ — 4 08 to 41.25 of i — Ni aoe "10.00015803 ¢? as 64. 6834) 
x 


’ 


the mass m — P: 
oe which gives, very approximately, the 


Sere effort correo ad yin maximum speeds V as a function of 


ee ae ye a for the German railways. The lower 
+f == @ = sDUe hor aaeerO att cv? — limit of pe would be that at which the 
res : ay specific resistance of a train es motor could enter into, but not advance | 
ae at a speed v, in kgr.; . along, the curve. We believe that, ivaae 
ke To =a + bv? or av as by st cy: — the case of normal gauge track, radius fo 
the resistant work corresponding to the lower than those in the first column ot ae 
speed v, in kgrm.; Table No. I should not be used, ae re 


ae mippes Jimit of i for the: fel lic 


5 r’ — the total time losses for Soap 


/ and ‘starting, in minutes ; ———— eit) ida 
: sf . RS ae. _ e < Vy ‘that ah to = 
a t, — the braking time, in seconds; oe 8. ate 
# . : : i say, by the condition 6, < —> 3 Ce oe 
ia 8) — the stopping distance, in metres; ENS aes yuercca” ie e oe M 3 ies 
y eee Sy as af Inpati pr ov a = : were : oar a P : “ee ae my 
ae En = im vw —- the kinetic energy of _ (*) For masses of inertia. m f= 1.08 and a 
‘ the train; . 1.50. oil + :sbh Med som 
: 
oan 


a eas jake that Noe = Vor 


- We “may add. that dhe, Se ane 
- types of formulae; this is the case, for 


ee ‘on the "French PLM., which 


states” 

a Be ( 25 + 0.16¢ for p< oa m. 

oan 45 + 0.10¢ for e > 333 m. 

‘ha This is also the case with the formula : 
v eS /12.96(a, + ai) a _ Vrain 
set out in the December, 1933, Interna- 
tional Railway Congress Bulletin article, 
and which shews that V is dependent not 
only on the value of p, but also on the 
accelerations a,, a; and quite as much 
on the value of Vmin- 


b) Rational use of the formulae 
Vp = f(o) and Vi = 9(3). 

The application of these formulae for 
each radius e or for each gradient 7 of 
a section is impossible for several rea- 
sons, three of which are essential : 


4. The train crew cannot know at any 
given time or point on the line the values 
of pandi, in order to observe the relative 
speeds. 


2. Even if they knew these values, they 
could not maintain the relative speeds, 
ie. constantly and immediately vary the 
speed v of the train, owing to its large 
_ kinetic energy E, = 0.50 m’v® and its 
low mass power P,,. — 0.50v?, having 
regard to the low inert mass m’. 


4 ver fata 1 600 m., > beyond 


pL be 


These three reasons are also valid for 
automobiles but to a less degree because 
of the low mass in proportion to the 
power of the motor; it has a low kinetic 
energy and high mass power and its 
running speed can consequently be more 
easily varied. 

To determine average running speed 
therefore, we do not apply the speed pro- 
vided at each moment of application of 
the formula Vp = f(p) or Vi = 9 (i), 
but the speed resulting from a single 
radius e or a single gradient i previously 
defined as the most frequent minimum 
radius or most frequent maximum gra- 
dient on a speed range. It is desirable 
from a point of view of the efficiency 
E,vq of the train motor if the maximum 
average speed thus calculated is not very 


different from 3.6 v, (having regard to 


the kinetic equation v = V: 3.6). 
The foregoing facts lead to the rational 
use of the formulae giving the maximum 


“speeds as a function of the most frequent 


minimum radius p or maximum gradient 


7 over the section being considered. The 


principles to be followed are: 1) to di- 
vide the line into sections for speeds, 
without large or frequent variations in 
curvature or gradient in the same section; 
2) to establish the characteristics p andi 
for each section; 3) to balance p and i 
so that the speed V, calculated as a func- 
tion of Vp = fi(p) or of V; = (it) is 
the same; if this is not so it will be 
necessary to take the lower of the two 
speeds Vp or Vj, without profiting from 
the higher. Taking an example from the 
German Railways, if the speed section 


_ 3. Each ‘motive unit on rail produces 
h 2 its maximum effi lency Ew when run- 
by ning at a speed v,, or at a ‘speed v’ which 
Ugi6 little more or less than Diss Tts effi- 
ciency will thus be lower the further the 
‘speed is from 2,, above - or below v,. 
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| Butuan oF ‘THE “ivr Ramway : 


has as characteristics 


e = = 300° m. ant 


4 = 12 mm. the average running speed Ta 


for the two characteristics would be for mi 


85 km./h. (52 m.p.h.), whilst on the 
same section with characteristics eo = 
400 m. and i = 12 mm. the speeds 
would be 75 km./h. (46 m.p.h.) for ra- 
dius and 85 km./h. for gradient, and the 
smaller speed would have to be taken, ie. 
a loss of 10 km./h. (6 m.p.h.). 


B. Formulae V = f (() 
used and formulae proposed. 
Table No. I and Graph. No. IL. 

1. Formula No. 7. 

V = 482\/p =98T t. (1) 

This is quoted in «Costruzioni stra- 
dali e ferroviarie», p. 574, by Vittorio 
Bact, for the Italian system. It also 
gives the speeds shewn in table 28a, 
p. 265, of that publication « Costruzioni 
stradali e ferroviarie », by L. Stasivini, 
for the same system. 

It also gives, with a 5 km./h. (3 m.p.h.) 
excess, the maximum speeds V adopted 
by the French PLM (see formula No. 2). 

The speeds given by the formula are 
the highest in Table No. I; they differ 
little from those given by the formula 
No. 13, V = 4.5\/¢ of the same table, the 
formula which is proposed for highest 
maximum speeds in place of formula 
No. 4. . 

The speeds given in the work by L 
STABILINI mentioned above, are based on 
a superelevation of h — 150 mm. and 
go up to 150 km./h. for ep — 1000 m. 
Allowing V, = 120 km./h., we see that 
beyond p = 650 m. formula No. 1 gives 
speeds greater than V,; for p > 650 m. 
a maximum speed of 120 km./h. is there- 
fore taken without calculation. 

Curve 13 of Graph No. II represents 


No. 2. is 


2, Formula No. 2. ee at Ta 


‘i = = 18yR ; Hy fie ae 


= 


__ § B+ 0.46 © 
| 485 + 0410p, pt: ° 


with a maximum 
160 mm. 


The foe reine IW’ are calculated — 
by the formula h’ — 160 pe: 9’. te 


Under No. 2 the representative lines of 
the two latter formulae have been traced. 
They are quoted in the «Cours lithogra- 
phié de Chemins de Fer », by M. Marti- 
NET of the «Ecole Nationale des Ponts 
et Chaussées de Paris », Session 1932-1933, — 
p. 15, Part 1. They have been replaced 
by the single formula No. 2 which gives 


Se of “ 


almost the same speeds without any an-— 


gularity in the curve; moreover, it is 
more easily compared with the other for- 
mulae. 

For the angular maine V= 78 33 ne 
per hour has been taken according to the 
PLM formula and V = 78.467 km./h.in 
accordance with the substituted formula 


3. Formula No. 3. [ Se. 
V = 464\/p — 130. . (8) . 

of the French Est, quoted as | 
Vi 239 — 3.000 


in Gi « Cours lithographié des Chemins — oF 

de Fer», by M. Descuses of the «Ecole 
Nationale des Ponts et Chaussées de Pa- 
tis », Session 1924, p. 6, Part 1, and p.3 e 


60 km. Une 
is taken. For curves 
is always taken that V — 
420 km./h., the maximum speed 
on the French Railways. The 


ee be noted that for values of 9 
v Scare 800 m., and for ease of 


(21800 = pas 


Q Late 120 km mh Hor tadit off 300, 
) andl 800 m. This formula gives 


ae eal like ee for ¢ > 800 m. 
—s ‘The formula in question has been set 
out in the form No. 3 V — 4.64\/p — 130 
‘oath a8) in order to estimate better its 
position in relation to the other formulae 
A of Table I. Curve No. 3 in aa Il re- 
prevents this formula. 


4 

A, Formula No. 4 

; +e “ie ra. V = 4\/9. f . fc. (4) 
> 


a Ait Hoon, proposed for the London and 
_ South Western Railway. 


Y, _ This formula, along with Nos. 5, 7 and 

i<3e 40, is quoted in the « Enzyklopidie des 

me Eisenbahnwesens », Vol. 8, p. 338, 1947. 
Bee at" Curve No. 4 in Graph Il shews it. 


bers : 
} ee 
on eRe . 


for lower” 


of the iisitiant Railways. 


_ The speeds given | differ very little from x 
those given by the English formula; it ~ 
has, therefore, not been included in 
Peet Graph Il. 


6. Formula No. 6. 


(aes eee oe (6) 


of the German Railways. 


This formula is drawn up so that we 
may get as nearly as possible the speeds 
V of the German Railways, noted in 
Vol. 3, p. 885, of the 26th. edition (1934) 
of the « Hiitte » manual, and shewn, with 
the superelevation h on p. 8%. 

‘The « Henschel Locomotive Engineers 
Manual », 1935, p. 23, states that « the 
German Railways intend to 
speeds ito V — 100, 120, 140, 160 and 
200 km./h. for curves of ep — 400, 600, 
800, 1000 and 1600 m.». 

If these speeds are realised, interme- 
diate speeds can be calculated by for- 
mulae similar to that of the French PLM, 
that is: 


60 + 0.402 for e 
between 400 and 1000 m. 


93 + 0.067» for ¢ 
between 1000 and 1600 m. 


Maximum superelevation on the Ger- 
man Railways is fixed at 120 mm. (see 
the «Hiitte» Manual, p. 891, vol. as 
above). It is calculated by the formula : 

h— =~ + #30 
by taking : 
e — () for smooth running; 


increase 


| 4.82V"p — 27) 


4.3V/p 
4.64V'p—130] 
4y/p 

4.25) a0 
4y/p — 59 

4V/ p — 50 
3.6Vp 
3.4V p + 140 


oar aa k wp 


= 
= 


= 
ie 


e 
o 
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i 
wo 
a wd 


3V p 
Averages : 
3 15V p 
4.5V p 
3eV p 


= 1.00, 1.25 


oa j 
e=—-+ 1 for the greatest supereleva- 
tion; : 
e — — for the smallest supereleva- 
tion. 
E all three having regard to the same 
speed V, calculated by the formula : 
"i = f(p) & 3.85 
os Curve No. 6 of Graph I shews the 
7 speeds given by formula No. 6. 
Tig ee It has a regular appearance without — 
i any of the polygonal variations which 
* correspond to the speeds set out in the 
- « Hiitte » manual. 
7 ‘ 
e 
ee 
ieee 
ae iw " 


43 aie we ieee ee ow ar 


7. Formula No. 7. b 
V = 4Ve — 80 4 
known as the Ruppet formula. Al 
This formula gives, as does the for- J 


mula No. 12 proposed by us as for 
La bese Bee almost hie ly 


maximum speeds. 
Pe formula i is not ine ide di in p Graph 


e. I. 
= af (9): 
‘ 
Wii p 
600 650 | 700 | 750 800 | 850 | 900 | 950 | 1 000 1100 | 1 200 
EE EEE Ee eee 
115 120° 125 130 134 138 142 146 150 158 165 
105 110 114 118 122° 125 129 133 136 143 149 
101 106 111 116 120° 125 129 133 137 145 152 
98 102 106 110 113 117 120° 123 126 133 139 
98 102 107 MOL aN Es) 119 122° 126 130) 136 143 
93 97 101 105 109 1 116 119° 123 129 135 
94 98 102 106 110 TS 7 120° 123 130 136 
88 92 95 99 102 105 108 imps 114 119° 125 
84 87 90 92 95 98 100 102 105 109 114 
73 76 79 82 85 87 90 92 95 99 104, 
95 99 103 107 110 114 117 120° 125 130 136 
92 96 99 103 106 109 112 116 119° 124 130 
110 Whats 119° 123 127 131 135 139 142 149 156 
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awerage or high? maximum speeds. 


——— ee 


It will be noted that the speeds given 
by the Ruppe, formula are those given 
by the Hoon formula for radii p from 
50 m. 


8. Formula No. 8. 


V = 36VP . (8) 


This formula has been proposed by 
several authors and arises from the theo- 
retical incline formula h: e— V*: 127.140 
which should be constant for any gauge 
of track and equal to 0.10; this would 
give 


V =\/197. 14p = 3.365\p ~ 3.6\/p 


2 


This gives 96 % of the maximum aver- 
age speeds; divided by 3.6 it gives the 
train speed in m./sec... 0 = \/p. 


It is shewn in Graph II by curve No. 8. 


9, Formula No. 9. 
V = 3AV/p + 140 (9) 


This formula was set up in our article 
in the International Railway Congress 
Bulletin of December 1933, for a super- 

j 
elevation of h = 70 + yeaa 

These two formulae were drawn up 
for the particular values d, = 0.30, ai = 


“give. Sonnet running wd low wear of 
. als and tyres. 


By taking the extreme limits an aie 


ila Pena Ba eres = 25 km./h., the 


formulae : 


V = 86yp + Band b — 2 + 18 


_are obtained, the first of which ae 


gives the average max. speeds; they are 
those of formula No. 8, increasing ° 
by 50 m. 

If we take the values a, — 0.30 and 
a, — 0.60 as maximum values with 
Vimin. = 25 km./h., the formulae : 


Vinax. aan 3.4y/0 = 5D. “ (a) 


7500 


and h = 9054 + oe (b) 


are easily obtained. 


These two formulae are preferred to 
those above and are also preferred to 
those set up in the Dec., 1933, Bulletin. 

(Curve No. 9 of Graph No. Il repre- 
sents formula No. 9, and its position, 
relative to curves Nos. 10, 12 and 43, is 


readily seen, being — beyond 300 m. — 


between the low and medium average 
speeds. 


10. Formula No. 10. 
V = 3V/pe Saensmammramae (0) 


The provision of this formula has been 
noted under formula No. 4. it gives the 


smallest maximum speeds shewn on line 


No. 10 of Table No. I. Increasing its 
numerical coefficient 3 by 25 % and 


50 %, we obtain formulae Nos. 12 and 
13 giving medium and high average 


speeds. 


1375 


ie the first A jiiies of Table No. . 


D: ( ps A ) i et ae 
sults of cae differ little. Tom thos 
formula No. 10. A)>. ie, 


a: Averages. 
Under this heading pee been sh wn 


We have calculated these averages to 
shew that they differ little from the’ 


average maximum speeds given by for- eri 


mula No. 12, which we propose for the 
calculation of the latter speeds. 


42. Formula No. 12. 


V = 3B, . Santen’ (19)) 


This formula has been drawn up to 
give, as nearly as possible, the averages 
of the 11th. line of the Table No. I. 
It is obtained by increasing by 25 % 
the numerical coefficient 3 of formula 
No. 10; in Graph No. Il, it is ahevyats by 
curve No. 42s 


13. Formula No. 13. . 
V = 43Ve. . . . (48) - 


It has already been stated under for- 
mula No. 1, why formula No. 13 has 


been introduced for highest maximum — 


speeds. It can be readily seen that the 
speeds given by it differ very little from 
those of formula No. 1. 


. The formula has been shewn in Graph " 
It gives an in- 


No. II by curve No. 43. 
creased speed of 12.5 % by comparison _ 
with the English formula by Hoop. 


Fo 


OA. ae oe en ee ey Pee ee Yh Se ae 
\ + thy te ky & ad Peis “480, youarg = “Sad ep | Cae c 

x so Sa ‘WTd Youolg = steduvig Wd UP Jey ep “woud 
ee ctae ; ‘spoads UMUITXtUI MOTT = BVUIIXBUI SoSso}IA Seqt}od 
eure UBIO =  gpuBulolly ee tes ‘spoads umuTxeu WINIpaw = vUNIXeUT Sessa}tA SoUUa<OW 
SheMet ae = sivjsuy Joy op “WoyD ‘spoods WNUIXeU YSIH = BUNXeUI sossoqIA sepurIg 


Bi eit - s ; Ss oe rsula}? YoUatg fo uoununldag / 
‘UI QZ JO PveISUL “UIUL ZI Poel : sajnMp1Q — “WIUL GT JO PBOzSUT “UIUL § PBOI - aDSSIOSgW + B[V — “q'N 


: ! | ! 
COOL O66 006 Og 0co8 


Ou Oso 
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eqino> ap uohp.1 ap WOg Ind wurc) :sassiosqy 


COT ee 
TOC ae 
SENS 8” 27a 


“E172 Zt OL gN Sa] snod ost 32 SB 
-onby4s 4038 ejoisueb dnze = 


mt anand | aod aasodoad oe, eda 


cod S4aAIp Ops (ee -% 2 JA9 Q 


spuowstiy ve we “" : 6s-dA v = 
_erpypbuy te a” % JAY = 


= 


‘ 


q,10P ” ”  ” oni-darg'r = 
td) Wd "Pp 4a] ep way) dac'y See 
u ee Sota]. ose Ing a O.tse 


as: i ‘ a souuahop) dase’ ¢ a4 Ziv 
vais = =A bo 
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ec ria a 


a or. Fai ® 2 we 4, q 
rt = a eee 4 
i. age ERAS itabed 
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Statistical summary of Table No, 1. 
14. General formula No. 14. - 
V — sey/p (18) 


From all the foregoing, ' we can Bdtacl 
the following statistical result : 


On normal gauge speed bochone masi-— 
mum speeds given by the general formula 


No. 14 are used, introducing : 
41.00 for the low maximum speeds; 
1.25 for the medium maximum speeds; 
150 for the high maximum speeds. 


on condition that the maximum Be . 


teristic gradient allows a speed of V; 


9 (z) equal to or larger than Vp = [( ny. 


C. Formulae eS 9), = Pr. 
and their rational use. 


There is a large number of these for- 


mulae; they are old and are no longer’ 


Grades: OF 8 310 10 = 48. 


Speeds: 100 83 10 


and calculated in the table by the linear 


formula V; = 115 — 3%, which follows 


the Viearre rule, « for each 5 mm. in- 
crease in the gradient, it is necessary to 


reduce the speed V; by 5 km./h.». M. 
VicatrE considers that for gradients in 


excess of 30 mm. a speed of 25 km./h. 
could be retained without drawback, and 
that if is not necessary to BS 2G 
above limits. 


For the limitation of ppeeas on gra- 
dients, it is necessary to take into ac- 


count the resistance of the track, the 
kind of locomotives and rolling stock 2nd 


to take the lowest speed found in the 
two cases in question (see Revue Géné- 


the figures and formulae proposed Stove 


_ Edler von Leper (see International Rail- 


; Resi 


rolling stock 2 d the continuin le1 se 
towards high speeds. ie ce y ps3 


- We have summarised in Tables hu and ete bus 
III and the corresponding | Graph No. III, 


facilitate: their comparison. Thus : Peon a 
a) Formulae Vv: = Q G). 


4. On line 1 of Table III (*) we have 
shewn the speeds V,; proposed by Max 


way Congress Bulletin, August 1892) for 
the Austrian system. /They were includ- 
ed in the diagram on p. 158 of the ma- 
nual « Trazione a vapore », by G. OTTONE. — 
Curve No. 1 of oe No. III shews 


~ them. 


2. On ae 2 are -shewn ae pane ve 


‘proposed in the article by Prof. E. 


VicarrE (Annales des Ponts et Chaussées, 
March, 1880, p. 234). mentioned as _ 


15+ 20 20 + 93 % + 30 mm/m. 
3 M0 88 km. fh. 


rale des Chace de Fer, Jone Feb. and 
March, 1880). 

No. 2, right, shews these speeds in 
Graph No. Ti. 


3. On line No. 3 are the ee given 
by the linear formula V; — 102 — 2, 
used, if our memory is COE, on the 
Swiss Railways. 

Line No: 3 shews’ these: speeds i in Graph — 
No. Ill. 


4. On line 4 are the , speeds shewn by) yey 


the formula: +2, 
Vi 3.695. — genase. 4 Ate 


the same as in “Table. Re Ned.culeae 
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TABLE No. IT. 


Speeds V (lines 1-5) and radii p (lines 1’. 5’) as functions of i. 


Characteristic gradients i. 


15 


60 
70 
12 
72 
78 


ye: 800 640 
5. 750 675 


. Curve No. 1 of the Austrian Railways. 
. Line No. 2 of Prof. Vicame V = 115 — 34. 


3. Line No. 3 of the Swiss Railways V = 102 — 21. 


. Curve No. 4 V x i = 3625 — 300 VV, 


— 150 + V 22500 + 36257 
i 


for the round value of i /V = 


5. Lines No. 5 following the Author : 
V = 115 — 2.461 p = 800 — 25% for main lines. 
V = 70 — 7 .p = 250 — 31 for secondary lines. 


Speeds V and radii p correspond, vertically, to each gradient 1. 


or by the formula Curve No. 4 in Graph III shews these 
150 + (22500 + 3 625i pet, 
= — | La wD 
VV = ¥ i : 5. On line 5 are shewn the speeds cal- 


ho ee 2 culated by the formulae : 

e believe that this was proposed in re ow Gt Eeul: G2 ikee 

the Annales des Ingénieurs Civils de a ees! ea 
Gand but the date and author are not V,= 10 — 1 for secondary lines. 
known. ‘ These speeds differ little from the re- 


GRAPH No. III. . : 
my On line 9 
ce oe 


10 Aol 
= C 


10. On line 10 are shewn. the Pe: pe 
speeds, differing little from th se of line 
8 and calculated by the formula vy RAL, 
0.030712 — 3.3424 + 108 (*). ph eam 


41. On line 44 are shewn the speeds 
calculated by the formula Vv = 2 80 


V 29.80 — i under No. 6 _proposed by us 
in the Dec. 1933 Bulletin of the Inter- 
national Railway Congress. It will be be 
noted that ee) differ little from Nos. ae) et 
and 9”. 


From all the formulae 1 to 12, as well 
as Table III, we see that on gradients i 
there are also maximum high, low and 
average speeds, according to the inclina- 
tion; these speeds must be in accordance — ; 
with the corresponding speeds calculated 
for the radii p. 


ORs 2 8 110842! ; 
bo Pentes 42. On line 12 are shewn the radia 


r oe RR Ber Sein 48 = which correspond to the gradients i ac- 
explanation oO) Tene. e7rms : mae : . we / 
Vitesses et Rayons = Speeds and Radii. conding to the formula 9 — 1200 — AT ‘ 
Echelle 32.5 mm. par 10 mm. de pente = Scale 32.5 mm. per proposed in the above article to give the 
same speed as the gradient t. 


; ! 
JASS 62 95 Cees oe 


i 10 mm. gradient. 
¥ Echelle 15.33 mm. par 10 km./h. = Scale 15.33 mm. per 10 km./h. 
i‘ peehelle’ ae 33 mm. par 100 m. de rayon = Scale 15.33 mm. per 
100 m 7 a0 
ee 13. On line 13 are shewn the radii 


corresponding to the gradients i accord- 


lative ones of the German Railways. — ing to the formulae : 


They have been shewn on line 5. of Graph he 
= 800 — 252 for main lines and i 


No. Ill. ie phen 
6. On line 6 is shewn the average of rom ee \e ae 


the speeds of each column for the first 
five lines. 


o = 250 — 3% for secondary lines Bei ; 


i from 25 to 40 mm. a 


These speeds differ little from those 14. On line 14 are shewn the radii cor- 
given by the formula V — 0.036551? — responding to the formulae : i 
2 3.6931 + 117. o> 825 - = FY for t= 00 at ra ie 
<3 7. On line 7 are shewn the highest 2 —— 
ane speeds indicated in the first five lines. (*) Saal tiene pi in Graph No. oa : oe 
a% ; . :* eae 
Sy 
. if _. 

ae 

TX re 
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TABLE No. ITT. 
Speeds V (lines 1-11) and radii p (lines 12-14) as functions of i. 


Characteristic gradients i : 


| 1 | 20 22 25 


60’ ‘ 45° 


160 | 145 130 
| 


e 2 100(43 — i) for 1 — 5 to 8 mm. 
e > 650 — 18 for 1 — 8 to 25 mm. 
Formulae No. 13 correspond to the 


French system, No. 14 to the German 
system. 


14. a) The French Est allows for its 
locomotives (see VANDERRYDT and MuIn- 
SART, part 3, p. 237). 


Speeds 50 4 40 35 30 
for gra- 
dient 04 4—7 7—10 10—15 15—23 


1. For main lines: 
pe — 1200 1 100 
i= 0 0 0 


b) Correlation of the value o, i, V and h 
for the German system. 


It is appropriate here to note the values 
and to shew their relation with the Ger- 
man system according to the « Hiitte » 
manual (26th. edition, vol. 3, pp. 885 and 
891). Comparison with the results given 
by the linear formulae which we propose 
for V; = (i) and p — 9,(%) shew 
clearly that we can use these formulae 
for the case of the average maximum 
speeds, from which differ little the mazi- 
mum speeds of the German system (V ~ 


3.85\/0 instead of V = 3.755). 


700 600 
1a 8 


800 
0 2 


4B 
re 


108 i 


2. For secondary lines : : . 
= 200 180 150 120 100 | The superelevation h may | be 


; P es 
i= 23 30 40 40 | or decreased by 30 mm.; it is related 
Pid Vee. 50) 45 mt) 30 25 | according to the rules of the system | i 
Ew he 400 90 86 60 ~ 80 | the smooth running of trains. ee) 
es, . GRAPH No. IV. c) irormulae ; = % Gn 
ie High, se Ati Rae ear ye Breeds In order to have the same speed V with 
A ee . ; as one or other of the two characteristics o 
Ea. hi on ' ~ | and i of a speed section, it is necessary j 
ae yy 4 osait ee ee to have the equation Vp — 'f(e) ie 
= ‘|| = 9(t), which sets up a relation p = 
- 129 2120 2° Les mo ennes vitesses maxima: o2(4) between. p and i. : 


V = 0,03655i* 93,6931 4118, 24 


~ 


i. ul 
oe . The relationship of the sizes oft 5 tee 
* Mea \ 3* Les pefiles uytesses maxima: | and V on the German Railways leads to 


rc) oe 12 ani ae 
¥ cools ve | oa iar ead the two equations : , 
see — 800 — 28% for main lines and i 
oe. 90 from 2 to 25 mm. ‘ 
; o = 250 — 3% for secondary lines and — 
i from 25 to 40 mm. - 


Note. — The relationship above is not 
in accordance with alignment practice. 
We have in fact on the French systems: 
p > 825 — Bi for i= 0 to 5 mm. 
e > 100113 —i) fori=—Sto8mm. — 
: < % q 
p 2 650 — 181 for 1 — 8 to 2 mm. : 
German practice requires smaller radii i 


than those above for gradients between _ 
2 and 6 mm. and larger radii for gras : 


¢ 
wy. 02 sé @ 10/2 15 2022 25 30 33 35 $ dients of between 6 and 22 mm. es 
as Explanation of French terms : : ; =~. 
i becuse grandes vitesses maxima = The high maximum d) Rational use of the formulae, we 
Ae L it = 0 ‘e 
7. donxininsn seperate nage mapa On this matter we return to what has 

ifn, Les petites vitesses maxima The low maximum 


speeds. previously been said regarding the ap- F 4 
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plication of the formula Vp = f(p) : for- 
mula V;— (?) is not applied for each 
value of 7 but only for the characteristic 
gradient 2 of the section; on less severe 
grades braking is less used; if the grades 
are more severe the speed is regulated 
according to the curves. 


From the braking equation : 


(w + ar + i) X 6 = (18 to 1.40)3 


we see that the brake resistance + Ar is 
necessary if w — i < 0, ie. if the re- 
sistance w (in kgr. per ton of the whole 
train) is less than the descent 7 (in 
mm./m.) : 

We should thus have, as excessive slo- 
pes 7, of a train composed of a 400 ton 
Pacific locomotive, 50 ton tender and a 
weight of 500 tons, comprising mainly 
vehicles of 40 and 56 tons (see Epinay, 
«Cours de Chemins de Fer de Il’Ecole 
Nationale des Mines de |Paris», Book IV, 
p. 146) running at different speeds, the 
following : 


for V = 70, 90 1004110 120 km. 
tn > 4.711 5471 6 6:47 7.185 mm. 


For a goods train composed of an en- 
gine and tender weighing about 70 tons 
in total and. loaded wagons (~ 20 tons) 
to total 400 tons, running at a speed of 
40 km./h., we should have a specific re- 
sistance of the full train of 4.27 kgr. or 
as excessive slopes, i, > 4.27 mm. A 
speed of 20 km./h. would give i, > 
2.91 mm. It will be seen that the re- 
sistant work of braking Ar x S increases 
almost proportionately to the square of 
the speed v, and with the length of run s, 
with gradients more than 3 mm. for 
goods trains and 4 to 6 mm. for express 
and fast trains, that is to say, the full 
length of the track. It will therefore 
assist in reducing wear on tyres and 
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rails, increase safety and comfort, if 
speeds are not raised unduly, particularly 
on long and steep gradients. 


Chapter two. 


D. 1. Influence of maximum speeds on 
curves and on rolling stock. — Table IV. 


For the study of this question, we have 
included in Table No. IV the values of 
the accelerations a, and a,, and their re- , 
lation a; : a, for the case of a speed 
section characterised by p — 500 m. and 
¢ == 12 mm. 


Calculations have been made for high, 
medium and low maximum speeds, and 
for various values of Vin, all by applica- 
tion of formulae 10, 12 and 13 and those 
giving the values of a, and aj. 


2. Smooth running and wear of rails 
and tyres. 


We have already taken : 

ae < 0.40 m./sec® for smooth running. 

040 < a, < 0.60 m./sec? for permis- 
sible running. 


a > 0.60 m./sec? for non-permissible 
running. 


The Italian Railways go to a, = 0.981 
m./sec?, which gives rise to a disagreable 
blow towards the interior or exterior of 
the curve, according to whether there is 
an excess or deficiency of centrifugal 
force, in view of the constant inclination 
of the curve. 


a) Smooth running. 


From the values of a and a; in Table 
No. IV, compared with the limits quoted 
above, we conclude : 


1. That high maximum speeds only give 


the Various maximum speeds. oy 


i 


500 101” 


: Vmin. 
s 


Maximum speeds. | p | Fae, | as 


1° High Taare speeds. 


t 


j | y 
150 | 100 0.581 as 


U 3 1 f 
2° Medium maximum speeds. ‘y a re 
0.580 | oust fl 4 ¥ 
g ihe 0.42 1.28 im 
: 500 g4v 1L0" WS SHO. ge9” eae eee y 
> 0.334 | 0.91 _ 
0.163 | 0.44 _ , 
3° Low maximum speeds. is a 
0.232 | 107 |] 
0.224 | 103 | 
smooth running, consequent upon a, = we have vee for these speeds is alimony 2 


0.581 m./sec? and the values of a;, for 
speeds Vinin. < 61.4 km./h. 

The superelevation A — 150 mm. al- 
lowed for speeds of 101 km./h. is that of 


the Italian system (see p. 265 of L. Sra- | 


BILINI's article mentioned in regard to 
formula No. 1). 


2. That medium maximum speeds give 
smooth running for speeds Vmin, above 
45 km./h.; local and stopping trains and 


goods trains are not smooth running in. 


view of the excessive inclination in re- 
gard to their speed. 


The superelevation h—140 mm. which 


give the same sipreanie A = = a 


that of the German “Railways, calculated 
by the formula h = 8 (113 1 ins oe 
stead of 110 mm. it | On the Fiendhi hii 


h = 100 is allowed, PLM, 128 mm. an as 
Est 134 mm. ie ies 


3. That 1g maximum speeds give very wa 
smooth running. — 


The supereleveion os 
this case has ee c 
man formula. 


eae 
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V — 60 to 75 km./h.; the same system 
uses for medium maximum speeds h — 
oe 100 mm., and for high maximum 


speeds h = gt 132 mm. instead of 


h = 150 mm. as on the Italian system. 


b) Wear of rails and tyres. 


It is recognised that the wear increases 
greatly with the values of the accelera- 
tions a@,, a and consequently with the 
increase in V and the decrease in Vin. 
Trains of speeds higher than that used in 
the calculation of the incline overload 
the exterior rails and thrust them to- 
wards the outside of the curve, with wear 
on the top and lateral surfaces; whilst 
trains of speeds lower than that which 
corresponds to the incline allowed give 
rise to the same wear on the interior 
rails, and at the same time cause wear 
on the exterior rails by hunting. In the 
latter case, following the overloading of 
the interior rails, the tangential reaction 
of the inside driving wheels P;f is greater 
than that of the outside driving wheels 
P.f (since P; > P.). This gives rise 
to a pivoting movement about the front 
of the engine towards the outside and 
increases the lateral pressure on the 
outer rails by the fore outside tyres, with 
an increase in the angle. 


In the two latter cases, wear of the 
wheel tyres follows closely the wear on 
the rails, and to the same degree. 


3. Resistance to and forces opposing train 
running greatly increase with higher 
speeds. Influence of high speeds on safe 
running. 

It is known that the formula for re- 
sistance to train running contains a fac- 
tor proportional to. the square of 
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the speed of running, but it is often 
forgotten that the work absorbed by this 
resistance is proportional to the cube 
of the speed of running; moreover, 
it is very simple, since the resistant work 
is the product of the specific resistance 
a+ bv? or a + bv + cv? and the cor- 
responding speed v, that is: 

T. = (a + bv* or a + bu + cv’) 
<x v = av + bv or av 4+ bv? + cv’. 


We may calculate separately the frontal 
resistance and the resistant work in stall 
air to the running of a train. 

We have already taken as the total 
specific resistance : 

R, = 0.006V? x S ker. 


the formula in which S is (in m*) the | 
largest transverse projection of the train 
(~ 11 m? in the case of large modern 


locomotives). From this we get an ab- 
Vv 
sorbed work of T’, — 0.006VS x 36 


= 0.00166V3S — 0.0183V* in kgrm. for 
S = 11 m?; expressed in steam H.-P. of 
75 kgrm. per second, this work will be 
given by the formula T, = V*® X 
0.0002444, still for S — 11 m? (*). 

By the use of these formulae, Table 
No. V has been drawn up, the figures of 
which are reasonably explanatory as re- 
gards the increased resistance and also 
the resistant work in still air when the 
running speed increases. Special note 
has been taken of the resistances R, = 
296, 466 and 673 ker. and the resistant 
work I’, = 74, 145° and 252 H.P. in the 
cases of ‘the low, medium and high mazi- 
mum speeds V = 67, 84 and 101 km./h., 
noted in Table No. IV. 

These values, as well as the differences 


(*) This surface gives about 11.8 m? for 
the tender. 


Wee 


Rae ekor ee 59 |106 |165 |238 


Differ. 47 | 59 | 78 
fT. “CV 7) a6) |) g2- 1853 
Differ. , | 9 | a5 22 
2, ) mm | 3.8] 38 | 10.6 | 15.8 
) max. 44} 7:36) Wao LT 
ty!’ 57 | 831 0.7 | 143 


Resistance of the air: 


Work absorbed : 


296 |466 [535 
58 “1170 | 69 


22 | 346 | 30.8 | 50.1 | 594 | * 


172 


= 0.006 V? x 


Ta = 0.0000222...V? x SCV. 
= 0.0002444... aad for =. “mts 
Stopping time ¢/7 = 0.144V + 0.00158 V’. 
| Stopping distance s, = (0.02052 + 0.000273 V) V?. 


D between the successive values of R, 


and 1’, clearly shew the great influence 


of the head resistance of a still atmo- 
sphere, without taking into account the 
intermediate frontal resistances, lateral 
resistances, the resistance arising from 
the pressure on the rear face of the train 
and finally the resistance of a wind more 
or less contrary to the direction of run- 
ning. 

It will be noted that the existence, as 
much as the cancellation of the kinetic 
energy of the trains E, = (4.08 to 4.25) 
>< dmv? are proportional to the speed of 
running. 

The loss of time for starting and 
stopping trains also increases with the 
speed; thus for speeds of 67, 84 and 
101 km./h. the French Est reckons as 


Jo50. fa 
74 |145 |178 |a52 |325 422 
ZdoueViay Vea, HET ee . 
19 | 30 | 34.4 | 43.3 | 51.4— 


16.7 | 23.2 | 25.8 | 30.5 | 35. 
308 |369 [497 


Ss. ker. 


lost time, 1.87, 2.54 and.3.02 minutes for. 
the whole of the two losses. These losses — 
were calculated by the formula : 


r’ = 0.09V — 0.000333V? — 2 61 


this being compiled from the factors re- 
lative to the Est system. 


4, Safety of operation. day ‘ 


Train stops, scheduled or emergency, 
are always obtained by braking more or 


less heavily according to whether the ar 


speed of running is greater and _ the 
stopping distance reduced. , 


In applying the formulae 
1” = OA4AV + 0.00188V2 
$s. = 90 — 431V. + 0.088V? in m. 


- 
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or 

S$, = (0.02052 + 0.000273V)V? in m. 
we obtain the necessary time ¢,” to cancel 
V over the stopping distance s,, as in- 
dicated in Table V (see work by M. Pa- 
ropr and A. Tetre, «La Traction élec- 
trique et le chemin de fer », pp. 442-448). 

The formulae in Table V shew that the 
times ¢,’” and the distance s, increase in 
a large measure with V; this results in 
increased risk in the event of emergency 
stops. 

The values ¢,” and s, are practically 
the same for the two hypotheses which 
could be made on the variation of the 
coefficient of friction of the brake blocks 
on the wheels : variation with the speed 
and time, or variation with the speed 
only: f=f,: (4+ av)(1 + Bt) or f = 
fo: (1 + av). 


5. Co-ordination of alignment for high, 
medium and low maximum speeds. 


1. High maximum speeds demand very 
large radii; normally over 800 m., long 
straight alignments particularly between 
curves in reverse directions, descents of 
less than 5 mm./m., perfect transition 
curves both in longitudinal and plan 
profile, careful and constant maintenance 
and a solid track and bed. It is only 
with these conditions that the drawbacks 
of high maximum speeds can be over- 
come, it being taken for granted that the 
locomotives and rolling stock are also 
suitable : perfectly balanced engines with 
a leading bogie and normally three or 
possibly four driving axles, vehicles with 
bogies and as stable as possible in rela- 
tion to their weight. 

Railears and railcar sets are better 
suited than trains with separate engines 
for high maximum speeds, consequent 
upon their suspension on driving bogies 
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and their general structure 
streamlined, etc.). 

In the Jatter case, V —5Vp, or 11 % 
more than in the case of locomotives is 
proposed. 


(usually 


2. Medium maximum speeds presup- 
pose the same exigencies for track and 
bed as high maximum speeds, with a 
tolerance in the case of gradients, which 
may fall to 8 mm./m. in exceptional 
cases, and curves which may at times be 
as sharp as 500 m. 

Locomotives with leading bogies are 
not essential, at least up to 90 km./h. 
below this speed a guiding Bissel truck 
is an advantage: driving axles do not 
normally exceed four, but with increased 
stability can go up to five: bogie vehi- 
cles are not essential, but the wheelbase 
of those on two axles should not be 
below 45 to 5 m. 

Driving bogies, with single railcars or 
coupled in series, are better than separate 
locomotives. 

Between the medium and high maai- 
mum, speeds, the speeds V — 4\o0 of 
the English systems are indicated, pro- 
vided that track of good standard, as used 
in England, is available. 


3. Low maximum speeds are indicated 
for difficult alignments with radii up 
to 250 m. as the lower limit, occasionally 
200 m., with gradients not exceeding 20 
to 25 mm./m. In this case again, curves 
and transitions must be in a perfect state 
of maintenance. Especially it is neces- 
sary to have, between radii e and gra- 
dients i, a relation i= 9(¢) or p = 9/1) 
so that the speed V, calculated by means 
of one or other of the characteristics, 
has the same value: without this rela- 
tion, the smaller of the two speeds must 
be accepted without profiting from the 
greater. 


a Large and feeanent variations of reealiue: 
and gradient are a drawback from 


several points of view. 


Railway alignment, just as . much as 


roads, needs to be as economical as pos- 


sible in earthwork and structures, from 
small aqueducts to large viaducts: the 


red longitudinal profile is constantly op- | 


posing the black, without even examin- 
ing closely the transversal slope of the 
terrain. Great difficulties are also en- 
countered in giving a free way to water 
at the required height for even rain 
water : it is often difficult to substitute 
an open aqueduct by an arched one, or 
to embed in concrete a metal culvert not 
sufficiently strong to support modern 
heavy or fast engines. 

To achieve this economy the values of 
gradients and curve radii are changed 
at each step, in a more or less large 


degree, without regard to their length or 
_ their effect on locomotive power supplies 
from the point of view of speed restric- 


tions on gradients, etc., thus there are 
large and small curves, steep and gradual 
gradients, curves and straights : in brief, 
a train must run in a constantly varying 
trajectory. The maximum gradient and 
the minimum curve y are often applied 
for the purpose of achieving insignificant 
economies. » 

This method of achieving economies is 
illogical : they are effected at the expense 
of efficiency of locomotives, speed of 


trains, smoothness of running, conserva- | 


tion of rails and rolling stock, and track 
life and maintenance. These facts have 
consequences inseparable from the re- 
marks in this article concerning the fix- 
ing of speed V = f(¢) or Vi= 9(4) 
on each speed section. Too often it is 
forgotten that the track is built as a 
corridor for rolling stock : they are half 
the means of transport called a railway 


paths; 3) as corridors for th 2, 5 
means of the adhesion, ‘of the w f 


the weight and speeds 
stock; 2) as compulsory 


the motors. : 
_ Frequent and particularly large varia- 


tions in curvature, gradient (position and — 
length) act against the aims of 2 and ane 
above and result in the consequences - 
mentioned both as regards smooth run- ~ 


ning and wear on track and stock. 


Locomotive efficiency, in particular, is 
lowered by frequent variations of gra- 
dient and curvature: maximum efficiency — 
E, X v, is obtained if the motor works | 


ata speed v’q, Which is near the optimum 


speed v,, to which corresponds a tractive — 


effort E, at the tender drawbar hook. 


The demands of motive units on rails, 
from all points of view (constitution, ‘ 


balance, operation, etc.) and also trailing 
vehicles, should be well understood by 
the Permanent Way Engineers : colla- 


poration between Civil and Mechanical 


Engineers could produce noticeable im- 


provement in future layouts in plan, lon-— ; 


gitudinal and transverse profile. 


7. Necessity for greater opposition to the 


tendency for speed increases above 


90-100 km./h. or 105 km./h. at most. 


Locomotive and Permanent Way De- 
partments must oppose the tendency to-— 


wards higher and higher speeds. In 


effect, the Permanent Way Department 2 
is responsible for the maintenance in — 


perfect condition of the track in relation 


to the static and dynamic loads to Me 


it is subjected, as well as for the s 


of the plan and profile alignment. Th PS 
speed factor is hostile to these two aims — 
with the third power (see Tables TV and — 
V) and increases the static pressures — 


SEPTEMBER 1948 


perhaps beyond 50 % (see Paropi and 
TETREL, pp. 281-284). The same Depart- 
ment will testify that with high speeds 
and especially with heavy trains, main- 
tenance work becomes difficult, less last- 
ing and more onerous. 


Further, the Locomotive Department 
must provide Rolling Stock to run with 
safety and efficiency. To realise these 
two aims, the speed factor is, outside 
certain limits, variable between the motor 
and trailer vehicles, but more unfavour- 
able as it mounts. The figures in 
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Table V are revealing in this respect, 
although they deal only with head re- 
sistance and resistant work in séill air. 
In brief, the aims to be achieved by 
the two Departments are so essential that 
we should not hesitate to survey most 
strictly the application of speed regula- 
tions, and not concede increases in speed 
which in most cases are unjustified : and 
it must not be forgotten that their close 
collaboration is absolutely necessary. 
Athens, 6th. August, 1947. 


* 
* * 
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(Bulletin Technique de la Suisse Romande, 10th. May, 1947.) 


a eee Pee es Pe, 


At the beginning of the railway era, 
as soon as speeds began to rise, it be- 
came impossible to maintain curves in 
the same plane as the straight align- 
ment. 

The builders were pompelicel to give 
a cant to the track by raising the outer 
line of rails so as to balance the centri- 
fugal force. To attain the difference in 
level a «superelevation incline» was 
inserted between the straight and the 
curve. Originally, this incline was plac- 
ed entirely in the straight section, then 
half in the straight and half in the 
curve. Later the track was slewed 
slightly towards the centre of the curve 
at each end at the tangential point, over 
several lengths of rail, this being the 
first rough attempt at a transition curve. 


The success of this arrangement depend-_— 


ed on the experience and « eye » of the 
foreman ganger. 

Chavés and Nordling, engineers of the 
French Nord, in 1865 and 1867, told of 
the use of the cubic parabola 


ip Slane 


as a transition curve, shewing that the 
rectilinear superelevation incline requir- 
ed a transition curve the curvature of 
which increased proportionately to the 
length of the arc, and that the cubic 
parabola fulfilled this condition almost 
completely. Nérdling shewed at the 
same time a method of picketing the 
curve which was both simple ‘and prac- 


tical, and which has continued to be- 


used upon to recent years. 
Consideration of superelevation in- 
clines and the adaptation of the curva- 


fore the beginning of 


ture of the track to the cant was there- 
ag De: 


curve. 


In the rates which follow, we shalt a 
review py these considerations, ay i 


sipereleration Ensliiee as a a straight ined 
then as an analytical curve in order to 
generalise the question and to arrive at 3 
a satisfactory conclusion, from a dyna- 
mic as well as a geometric point of 


view, for the laying down of the track 
} itself. 


We may recall first of All; the formula 
for cant: 


For a curve of fixed radius R and a 
speed V, the cant is given my the for- 
mula : 

kVy2 


h = dmax = Ro yh, 


in which k is a coefficient which varies 
according to whether V is given in 
m./sec. or in km./h. It also varies, if. 
we wish to obtain the theoretical cant, 
that is the complete balancing of the . 


centrifugal force, as opposed to practice, 


in which part of the centrifugal force is =“ 
not compensated. (Not to obscure this _ 
note, we shall not expound this for- 
mula.) ; i 


For a curve of fatale radius p> we ms 
have : 
KVe Sse t 

d = eS oS (2) ,, ns 


For simplicity, it may be taken that a: 
the cant is obtained by raising the outer 
line of rail and not as prescribed by | the 
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Swiss Federal Railways, half by raising 
the outer rails and half by lowering the 
inner rails. 


1. Transition curve with rectilinear 
superelevation incline. 


We have: 
1! h 
m~ L ©) 
1 kV? oh 
= — er 4 
d = s ‘ r (4) 
ky2 
h = 
- 6) 
from which we take: 
pies Due =e (6) 
ey RE 
if we let 
] 
— Ff 
C= pr (7) 


If the angle dQ contained between 
two radii of curves infinitely adjacent 
Sis 


do 
ed@ = ds = — (8) 
a 
dQ = csds (9) 
By integration it becomes : 
@= 5s (10) 


»” 
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However, we have, as rectangular co- 

ordinates : 

dx = cos © ds (11) dx = cos stds (13) 


from which 


dy = sin ® ds (12) dy = sing stds (14) 
and by integration 
$s 
ij c 
r= | cos 5 stds (15) 
oO 
s . 
y = j sin 5 stds (16) 


oO 


To calculate these integrals, we may 
develop the sine and cos in series. This 
can be done because, for the values of s 
which we use, the series are rapidly 
convergent. 


oe ee c |? s& c | 510 

singst= 599 —|5 give ol Sp goer) 
Crms c |? s4 c |4 s8 

CO 5 Sore i 5 a 9 4! sia at (18) 


from which, by integration of the two 
Series ; 


ce [285 c|4 8? : 
x =|s— o| ot lal ae: ua) 

oO 

ees sty Cite st 
y=(53—-|5| + ]3| tao | 20) 


and giving toc the values taken from (7) 


Ss 


= g5 $9 (21) 
-|s 40R*L + 3456 RAL’ * 


oO 


$3 si 
ee ee — 336 RSL 
8 


gil 
ae eee eee (22) 
+ 42240 R5Ls | 


oO 


Soh ihe equation 
one astra ie 1=5 
y= Bz where By = ———__ Nixes 
ite 2 ey 6 RL 


é ; toy, es a uA In practice, 
Given that s varies between 0 and L peing al, t 


Si aly ae tion “No. 30 
by Al. 


whence n varies between 0 and 1. hi #4 
Began tee 2, ‘Transition curve with va 
a", s He” PEC OILCS hai superelevation slope. 


partes: a EBS) nels : I 
; te nh ns 293 nstead of a constantly 
. 40 aR “3456 R# as) cant, we may provide a_variab 
oe Es oe aes ce crease. r 
air Week nL nA nil a ss - (24) Subject the sipereeyaton incline) = 
ee: _ GR 336.R8 © 42240 Rs wate: will be ee curye) represe: Jy 
Bos. and taking the first two terms 
PN Pie: nmL2 
aa Sh ii (25) 
pet es nt) A ae 
nL? nL? 
aS |) ee (26) 
2 een | 56 = oo: 
i - In considering transition curves by ee a eee 
eae the angle diagram method (1) we have to be tangential to the point 0 at the 
the following construction : axis of the § and to the point 2 to a // | 
: at the axis of the ba “The points 0, a. 
and 2 will be the points of inflexion. bate 
~ Ws Ef We reach a function 4 = ¢ (8). 
7 This function has three roots : 
- j 5: = 2 eS (é +o I) : F “7 j ny 
in addition ¢ | @= = 0 for 3 = /) anda 
; s im a 
ea a 
We therefore get: cus a 
* J ] 39 Fi ir . , wl : : 
‘ ftom which tgQ—=-sks k=—= U2 -9- 9 ede eee : 
4 me OOS ESS NE BEL tee OE: AS i) 
eds ; shah tas 
ny —=ks a = ksds =) (28) 


ds 


(7) Bulletin technique de Me Suisse ro- 
mande, Nos. of the 17th and 31st August 1946. 
BE. DécomBaz, Engineer : « Exposé succinct de - 
la méthode de rectification des courbes de che- 
mins de fer d’aprés la mesure des fléches >. 
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Let us determine the coefficient A. 


For —§ = L we have yn = fh. 


FOAM ESS = -ES Ls 

aS 4(sp—-5 +75)= oe 
120h 1 15h 
30 h/es Les L 3s 

we et Bis 36 

7 ES (2 ans sag 


If we make — = s and y = d, we get, 
by replacing A and d by their values 
taken from (1) and (2): 


LSt L283 


kV2- = ky? eS 
2 


S38 
1 30 ( ; 5 )a 


On the other hand, as we have seen 
ed was 


ie 30 ((* Ls! 253 d 
eres > RE era 
Oo oO 


l 


8 = 2 RLS [20 — 6Zs5 + 5 Lest | (38) 


and as in the preceding case 


dx = cosOds cosO'= 1 — 2k ata 
dy = sinOds sinQ@ = Toe = 


+ ey ase 


These series being very rapidly con- 
vergent for the values of Q used, we 
will take only the first two terms of 
each series. By integration, we get: 


Paei 
*— | ens 


Ete 


a 254 
(288 aa + 5 L's )2 (39) 


BULLETIN OF THE INT. Ratpway ConGRESS ASSOCIATION 


555 
y= bela 's (ose — 6Ls5 + 5 L2st)ds — 
2 RL 
oO 


ds (40) 


¢ 1) (2s — 6L954 5 Ls4)3 
Slee 3! 


18 — 2 Ls}? 


8 
II 


errs , 
2) 4 R2L%/] 13 


s 
+ List — 6 Las 4 oh | (41) 


1 
= aaa” 


2s (ci ear Ba Ls) 


1 8 72 
G5, RSENS Fo) Re ae Eom oe 
31 8 ROLE lie’ ice 
AIC son Sap 576 L3sis + 
17 16 


$ 


4 ae 5 bist | (42) 


ae Se Lis = Sy L5s14 ce, 


For s = L we get 


vs ol ee al ea ea 
eae oh iia ot ee g 
L\2 
2h} E 2 0,022(7) | (43) 
R 
_ 32 a 72 | 276 576 
Y > RT 48R2|19~ 18+ 17 — 16 
oc 


As in the preceding case, we make 
s = aL, where 0 > n> 1 


Ee Hy alae 


26 
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+a ont GF " 


ey 
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If, as in the preceding cases we con- 


=e sider this new curve by the aid of the 


= 

- . ; é 
‘ angle diagram method, we get the fol- 
ed B ge lowing construction : 
_ ¥ 
z 

2 


taking : from (37) 
0 


ae z -t=5, (5 poeagier =| (50) 


ca 30 (¢.(e8 > eet a eee sb 
a dy = —— | | — 2 Gi 


\5 2). (otal 


30 {s® Lsd re: 
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If we make S = nL 


L C, 
1 SSAC Leal) may (53) (1) 


In practice, the unit of measurement 
being Al, the second member of equa- 
tion (53) will have to be multiplied by 
Al. 


* 
* * 


A table is given which allows the cal- 
culation of the coefficients C, (see pp. 
556-557). 

n being given to 3 decimal places in- 
stead of the required 5, the last 2 can 
easily be obtained by interpolation, with 
a sufficient degree of accuracy, by 
means of the differences shewn in the 
last column. This operation may be 
done accurately by calculation (2). 


Displacement to the tangent circle. 


Taking the first term of (43) and (44) 
we have: 


ioe 

AB = Lie AD BD = — 
7R 

L L2 

ED ~ — cD = — 
2, 8R 


(*) In the case of a transition curve between 
two curves of radii R, and R, we get: 


ipa 4 : n 
n=) 4 [n4 (20 —6n + 5)1+ 5, |60 


(?) If, instead of the angle diagram, we use 
the deflection diagram, it would suffice to 
use Table 2, which gives the coefificient 0, 
and we should have : 


f = fmax. CO; 
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-Transition curves with graduated su- 
perelevation inclines offer several ad- 
vantages both for operation and for 
track laying. 

From the operating point of view, it 
avoids oscillation of vehicles, both when 
passing from the straight to the transi- 
tion and from the transition to the full 
curve. (See G. Marnik, « Traité de la sta- 
bilité du matériel de chemin de fer», 
p- 207.) 

It is in order to avoid these oscilla- 
tions that attempts are made to lengthen 
the present transition curves. Up to 
the present the Swiss Federal Railways 


have used the formula L = 0.7V where 
V is in km./h. and L in m. but the pos- 
sibility of making L = V is being con- 
sidered. 


This is where the graduated super- 
elevation incline achieves its advantages. 
In effect, the displacement of the 


tangent circle is, for the present transi- 
9 


a 


tion curve, from a = ——, whilst for 
24R 


the second curve, we have 
L? 
56R 


Let us see what these two formulae 
give in an actual case: 


Take 

Vel 2oekim-/ bh. 

iv S30! ms (Operating rules, 
ry. sah) 

h = 106 mm. (General regula- 
tion No. 230, 
p: 3/). 


1. Transition curve with rectilinear su- 
perelevation incline : 


L=V=125m. 
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2. Transition curve with graduated su- 
perelevation incline : 


% 0.24Vh 0.24° 125- 106 


= 100 m. 
32 32 
If we make L = 110 m. ‘which is still 
more favourable, we shall have : 
1102 
= = 0.260 m. 
56.830 


Transition curves on the writer’s rail- 
way have at present a maximum length 
of 70 m. 
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In this case we have: 
702 
24.830 


= 0.243 m. 


We see that in the first case, we can 
effect a movement of 


0.785 — 0.243 = 0.542 m., 


which is not possible with present in- 
stallations, whilst in the second case we 
have : 


0.260 — 0.243 = 0.017 m. 


[ 621 .431 .72 & 625 .251 ] 


Engine exhaust brake for railcars, 
by J.L. KOFFMAN, 


Dipl.-Ing. M.S.A.E., A.M.I. Loco. E. 


The rapid technical development. of 
diese] engined railcars and locomotives 
witnessed in the period between the two 
wars has now given place to a wider uti- 
lisation of such vehicles of what may be 
described as well established orthodox 
designs. In common with so many other 
present-day developments, it required 
some fifteen to twenty years to move the 
designs out of the region of high prices 
and limited utility into the region of rea- 
sonably low prices and very wide utility, 
but in accordance with the law of 
diminishing returns more development 
work will be required in the future for 
relatively small gains. 


The development so far may be repre- 
sented by the curve Fig. 1, the present 
position being indicated by the point 1. 
From this the development can move to- 
wards point 2 or 3, since a move in either 
direction would be progressive, but it 
should not move into the area bounded 
by the dotted line. If we consider for a 
moment the direction of future develop- 
ment it would appear that whilst the en- 


gine, and to a somewhat lesser degree the, 


transmission has reached a high state of 
development much remains to be done 
so far as the development of light-weight 
railcar bodies and bogies is concerned. 
But apart from this there seems to be a 
further possibility towards improvement, 
one that on the first glance seems to be 
a rather obvious one, particularly since 


4 


it was with us all the time and yet was 
not considered seriously at all — or at 
least so it appears from the scrutiny of 
the literature. That possibility is indi- 
cated by the question : « Why not use the 


| 

ep) 

ie) 

O 

fu. 

0 

3 

| 

—Effectivness--~ 

Figt 

Fig. 1. — Technical progress, 


engine for braking the vehicle since if 
driven from the axles it would act as a 
compressor in a somewhat similar way 
as tramcar motors can be made to act as 
dynamos and thus made to bring the car 
almost to a standstill ? » 

This article is an attempt to answer 
this question, an attempt to show the 
possibility of moving the curve of pro- 
gress from point 1 to point 2. 

At first, we must consider how much 


four-stroke engines \ 4 
dification, since it is presumed 
a minor. modification can be tol 


make this proposition an attractive one. 
To do this we must know the losses ¢ 
— countered in diesel engines. Whilst the 


relevant information is of a somewhat 
scanty quantitative nature it is neverthe- 
less sufficiently complete to enable us to 
form a clear qualitative picture. 


Whilst it is possible to express the * 


friction, etc., losses of an engine in HP. 


this would also mean a consideration of | 


engine speed and swept volume, thus 


- making a direct comparison between dif- 


ferent engines somewhat involved. To 
avoid this: it will be preferable to express 
the losses as mean friction pressure 
(M.F.P.) pr expressed in lb. per sq. in. 


-similarly to the mean effective pressure 


pe so that the mechanical efficiency of 
the engine will be expressed as : 


—_ Eee chal 4 eee dt) 
UN ae De + Pr ; (1) 


The values of pp ascertained for a con- 
siderable number of engines having p, 
values of up to 130 to 155 lbs. per sq. 
inch are shown, in Fig. 2., diesel engines 
tending toward the higher, and petrol 


engines towards the lower limits. These 


losses are caused by a number of contri- 
buting factors the magnitude of which 
will be indicated in the following on the 
basis of comprehensive tests carried out 
by Uriman (4) (*) and Kress (2). The 
first series of tests were carried out on a 
single-cylinder engine having a bore and 
stroke ous a and 129.7 mm. ry 


(*) Numbers hbotivoat panne refer to 
the Bibliography at the end of the article. 


Fa. © 


Fig. 2. — Bante of mean friction pressures 
for diesel and petrol in yeti | 


< 


the lift eing § 8. AB mm. “Th op See a top a 
centre and closed 45° past bottom ae t 
whilst the exhaust valve, which | 
diameter of 36 mm. and a lift of 8.25 . 
mm. opened 39° before bottom centre and tne 
closed 5° after top centre. The depen- as 


; y na 
only & doianced a rr 
Balanced ¢ cea crankera 


Fig. 3. : a \ 
Fig. 3. — Mean friction, poser hi, as 
function of piston weleTyy >. a 
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dence of pr upon c,, due to a number 
of contributing elements is shown in 
Fig. 3 from which it will be noted that 
the losses due to the valve operating gear 
are negligible. The crankshaft can be 
assumed to run fully floating in oil. 
For this condition the friction losses are 
given by : 


P-n-d-m- vp. 


Nr —— "550-60 [H.P.] 


(2) 


where : 
P = load (Ib.). 
nm = engine R:P.M. 
d = journal diameter (ft.). 


[according to 


(3) ]. 
® = 04A05n = rotational velocity (d./ 
sec.). 


% == mean absolute viscosity (Ib. sec?/ 
ft?). 

— mean pres- 
sure (lb./ft?). 

1 = journal length (ft.). 


Consequently : 


i a Seek eal 
N-= sag VW Penal: d) [H.P.] (2a) 
or 


Np DS d*\/Pn?z . (2b) 

For geometrically similar engines hav- 
ing identical ratios of H/D, d/D, etc., the 
thermal loads can be assumed to be pro- 
portional to the mean piston velocity c,,. 
Since the weight of the rotating and re- 


4* 
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ciprocating masses is approximately pro- 
portional to D?:* we have 


Dan del. 4a eS | a 
PYenD ING Cm-D ni 3 


and 
(3) 


ie., for the same values of c,, an increase 
of D results in reduced pry values. 


Generally for big end bearings d — 
0.65D and | = 0.45D for high speed in 
line engines with D<140 mm., whilst for 
V engines d = 0.7D and/ = 0.48D. The 
values for crankshaft bearing are d — 
0.76D to 0.69D and / = 0.46D to 0.42D 
for in line engines and d = 0.75 and 
1 — 0A1D for V type engines. 


Fig. & 

4-50 
3 
40 
3S 
$30 
ps 

20 
ov 
© |0 
a) Sey 
. 

t —— 
0 SS el (em earn Oe ois, 
Cr-Fi/sec 
Fig. 4. — Effect of gas pressure upon increase 
of M.F.P. 


The losses due to piston as well as due 
to piston ring friction are also indicated 
in Fig. 3 for zero pressure in the cylin- 
der. The influence of the gas pressure 
upon the friction losses due to bearings 
and piston rings is shown in Fig. 4, from 
which it will be noted that the value of 
the increases of losses due to gas pressure 
is reduced as the piston velocity in- 


: s-gh% 
ae : 


speeds. 


bein Nala ae Biiport een at “Tow : 


The friction losses which are encoun- 
tered at constant gas pressures, maintain- 
ed during the compression and expansion 
stroke only, are shown by the three 
straight lines of Fig. 5. Here again it 
will be noted that the influence of the 
pressure values becomes less and less 
pronounced as the piston velocity in- 
creases, since at higher velocities the in- 
fluence of the mass forces predominates, 
as may well be proved analytically. The 
line obtained with a gas pressure of 
140 lb. per sq. inch would approximately 
correspond to the line of friction losses Fyabe 
encountered when driving an average p. 5 — wetect of cas pitaaure) Gee Mane 
modern high-speed diesel engine as a "of engine) yy ee 


1S 20 cee 30-35 a 


Fig. 6. — Work done during vag a and expansion stroke, 


compressor whilst the corresponding los- 
ses encountered by the engine developing | 1 
full power output would be similar to expansion spoken is ate va ihe tooee oth 
those obtained at a gas pressure of 225 the compressed air during the expansion — 
lbs. per sq. inch. stroke. The heat transfer coefficient 
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for low speed (50 to 200 r.pm.). Diesel 
engines can-be estimated according to 
NussEtt (4) as: 


a= 0.997% p27, (A + 1.2%¢,,) 


keal 
Feel 2 
where : 
Pm = Mean gas pressure [at]. 
T, — mean gas temperature [°K]. 
€ » = mean piston velocity [m./sec.]. 


whilst according to E1cHELBERC (5) : 
a— 94. bn é Vpmtg 
keal 
| ae aor 


The latter equation has been well sub- 
stantiated for c,, values of up to about 
27 ft. per sec. by Ipranim (6), whilst 
NussELT’s equation gives too low values 
for ¢»,<15 ft. per sec. and too high ones 
for c,,>15. ft./sec. 

The amount of heat transferred during 
the time interval 1-2 is given by: 


Q,-. = 4-0.0001A,,-AcA t,.. [kcal] (6) 


where : 


A = mean cylinder area at time inter- 
val 1-2 [m.]. 


A565 = time interval 1-2 = a [hr.]. 


Ag = crankshaft displacement [°]. 


At = temp. difference (Tg — Twall) 
oak 


Whilst these equations might not be 
entirely representative for the conditions 
encountered with high speed engine (for 
example the area of the loops will prob- 
ably depend upon gas density) they do 
indicate the dependence of @ on py», 
and C,. 
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The considerable rise of the p; values 
resulting from the rise of the pressure of 
the aspirated air, as shown in Fig. 5, is 
due to the consequent rise of mechanical 
losses, pumping losses and heat losses 
[as indicated by equations (4) and (5) | 
the latter increasing the areas of the 
loops Fig. 6. The more rapid rise of the 
losses in the region of higher speeds is 
due to the increased pumping losses, par- 
ticularly with higher intake pressures, 
these also causing higher friction losses. 
So far as pumping losses are concerned 
it might be mentioned that the values of 
orifice coefficients for intake valves are 
about 0.8 to 1.2, depending on a number 
of design factors (7). 

Similarly higher losses will be en- 
countered at higher compression ratios 
(Fig. 7). 


C—- Ft/sec 


Fig. F 
Fig. 7. — Effect of gas pressure on M.F.P. 
of engine. 


The dependence of the losses upon the 
compression ration of an engine with a 
cylindrical combustion chamber are 
shown in Fig. 8. Here again the increase 
of the losses at low engine speeds is 
mainly due to heat transfer and leakage 
losses, whilst at higher speeds pumping 
losses predominate. The losses ascer- 


aaa 
ie 


Srutt Me — 


10 I5 20.25 30 35 
Cm~- Ft/sec. 


_ M.F.P. of engine with cylindrical combus- 


Fig.8. 

d + 
: £ Fig. 8. — Effect of compression ratio on 
tion chamber. 


tained with both the inlet and outlet val- 
ves closed are shown by the dotted line. 
y These losses are caused by the leakage 
; past the piston rings, both during the 
A compression and expansion stroke. 
Oe ; The results of tests carried out with a 
Sie! turbulence chamber are shown in Fig. 9. 
- As might be expected the losses are 
higher than in the case of the cylindrical 
combustion chamber Fig. 8, mainly be- 
cause of the small clearance of 1 mm. 


SS 
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Fig. 9. — Effect of compression ratio on 
M.F.P. of engine with turbulence type com- 
bustion chamber. 
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Fig. 10. — Effect of compression ratio on 
M.F.P. of engine with turbulence type com- 
bustion chamber. r 


So far we have only dealt with results 
obtained with motored engines, no re- 


strictions being provided in the exhaust 


passages. If, however, the exhaust pas- 
sage of an engine is throttled then the 
indicator diagram will be altered from 


that of Fig. 6 to the one shown on Fig. 11. 


ory, LLL LLL Lat — ay, 
—a— \/—_. ; 0 
« 


* 


Fig. 11. — Indicator diagram Of engine 
during braking. i es 
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After aspirating, compressing and ex- 
panding the air in the cylinder along the 
lines already indicated by the diagram 
Fig. 6, the exhaust valve will open and 
the air forced into the space between the 
exhaust valve and a throttle provided in 
the exhaust pipe. Upon completion of 
this stroke the exhaust valve will close, 
the inlet valve will open and the cycle will 
be repeated. The rapid pressure drop en- 
countered in the cylinder at the begin- 
ning of the suction stroke 4 is caused by 
the air pressure between the piston and 
throttle, and later between piston and 
closed exhaust valve, dropping to the level 
of the aspirated air. This pressure drop 
is facilitated by the valve overlap, which 
with high speed scr engines amounts 
to 20° to 60°, with 25° to 30° as average 
values. 


It will be realised that the amount of 
work done by the engine when driven by 
the vehicle will be also determined by 
the initial setting and rate of the exhaust 
valve springs. An unduly low setting 
would result in the valve admitting com- 
pressed air from the reservoir formed by 
the space between the exhaust valve and 
throttle during most of the suction stroke. 
The maximum compression pressure 
during stroke 3 of Fig. 11 will thus be 
determined mainly by the spring charac- 
teristics of the exhaust valve. The work 
required to compress one cubic foot of 
air at a pressure of p, to a pressure of 
P mis given by the equation : 


L = 200V, pm [ft./Ib.] 


where : 
V, = volume of aspirated air | ft*]. 
Pm = b-p. 

or: 
L = 10000V,p, [m./kgr.]. 

where : 


V, = volume of aspirated air [m*]. 
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The values of b are plotted for com- 
pression exponent n varying between 4 
(isothermal compression) and 1.4 (adia- 
batic compression) in Fig. 12. For the 
case considered here n can be taken 


I 
Si6y Tse Serl0 pe ie 4 1S 16 (7 18 19 20 


° 


Fig. 12. — Factor 6 as a function of pressure 
ratio and polytropic exponent. 


It is clear that because of the great 
valve overlap (up to 150°) normally pro- 
vided with supercharged engines to en- 
sure efficient scavenging, the brake power 
developed during stroke 3 and 4 will be 
appreciably smaller. 

The effect of exhaust back pressure 
upon dosses of a single-cylinder unit are 
shown in Fig. 13. 

The data dealt with so far applied to 
single-cylinder units only. The losses 
due to big end bearings and piston fric- 
tion will be similar for multi-cylinder 
engines, whilst the crankshaft bearing 
losses will be smaller. The general de- 
pendencies will be very similar and be- 
cause of this the data presented above 


lee 
of te may ie malar an a multi- 
cylinder engine utilised as vehicle brak- ll as t Pp 
ing medium. For example the brake Sonhed abo the air vane 

power/power ratio of a 4.85 litre six systems. 
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es + tional to the square of the speed. The 
ie Fig. 13. — Effect of exhaust back pressure MeN re required to drive the dynamo is 
al . on M.F.P. assumed to 1.5 H.P. The over-all trans- 
mission efficiency is assumed to 90 % 
- cylinder engine running with a free oe oe ae cee a . 
exhaust i shown in Figi 44 (8). This ye 
merely confirms the data shown in Fig.5, —_so00 
» 7 to 10 and 12 for since with the mean 7 
effective pressures of modern traction 7000 
diesel engines at top speed is about 85 to = 
100 Ibs. per sq. inch, the brake power/ & a : 
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ing and descending approximately the 
same grades at similar speeds with the 


engine driving or acting as a brake, re- _ 
spectively. This has been confirmed by — 


experience. with road vehicles. 

In addition the exhaust brake can be 
also employed for retardation. The de- 
celeration obtainable with the 200 H.P. 


engine used in the 25-ton vehicle dealt 


with here is shown in Fig. 19, the speed- 
time and speed-distance curves being 
plotted from the data of Fig. 47. 
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Fig. 19. — Retardition of car with —o 

acting as brake, 


The use of the exhaust brake as a 


means of ensuring a constant vehicle 


speed when running downhill is extre- 
mely popular in Switzerland where it is 
being widely used with both lorries and 
buses in order to converse brake linings. 
The operating results obtained with the 
exhaust brakes fitted to road vehicles 


that the vehicle will be capable o of elimb- 


at the driver’s right and ppeiiat, in the 
horizontal plane. 


Whilst in the early days of its develop- 


ake of a hand bei os provided 


ment the use of exhaust brakes lead to | 


undue complications (For example en-— 


gines were fitted with axialy movable 
camshafts provided with an additional 
cam. Exhaust braking was achieved by 


keeping the inlet valve closed) at present — 


efficient braking is ensured merely by 


the provision of a throttle in the exhaust. — 


In the case of vehicles manufactured by 


the Saurer Company of Arbon, Switzer-— 


land, this valve is a simple butterfly unit 


provided with suitable heat resisting — 
_ glands. 


A valve developed by Oetiker 
of Zurich is of a somewhat more com- 
plicated design. 


be made for easy operation particularly 


Since this valve (Fig. 
20) is of the sliding type, provision must — 


when approaching the fully closed posi- 


tion, since here the gas pressure would 
press the valve onto the seat and thus 
make operation difficult. To prevent 
this a secondary, unloading opening 2 
has been provided in addition to the 
main port 1. The valves 3 and 4 are 


linked in such a way that when closing . 


valve 3 covers port 1 before valve 4 covers 
port 2, whilst when opening valve 4 is 
actuated first thus relieving — ree 3 of 
the load due to gas pressure. 


ture dD is provided for Ae. re an. 


» 


air reservoir which might be charged by — 


the engine via a non-return valve. This 
feature is particularly attractive for use 


in mountainous service where the engine 


pany — is shown in Fig. 2 lever 


la- operating the brake valve also shuts off 
n the fuel supply. With the brake valve 
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shut, operation of the throttle lever will 
merely release the spring S. A return 


of the brake valve into the open position 


Fig. 20. — Oetiker brake valve. — 


valve should be arranged between engine 
and supercharger — for obvious reasons. 

Whatever the brake valve it must be 
interconnected with the fuel control so 
as to prevent the possibility of operating 
the valve with the fuel supply on. A 
simple way of ensuring the requisite 


will automatically restore the fuel supply 
to the engine, provided the position of 
the throttle control lever demands this. 
This means, of course, that the exhaust 
brake must be released shortly before 
bringing the vehicle to a stop, if the 
engine is to remain running. 


engine by selecting a a wrong gear when 

applying the exhaust brake, needs — = 
-. course to be impressed on drivers, but no 
undue difficulties should be experienced 
in this sae 
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The future railcars of the French National Railways, 
by TOURNEUR, 


Ingénieur en Chef, Chef de la Division des Etudes de Traction a moteurs thermiques de la Société Nationale 
des Chemins de fer frangais. 


(Revue Générale des Chemins de fer, March 1947.) 


As a result of the war and looting by 
the enemy the present stock of railcars 
belonging to the French National Rail- 
ways is only about 75 '% of that of 1939. 
Amongst those that remain are many that 
were seriously damaged, and in spite of 
the repairs made to them, their life is not 
likely to be long; in fact about the half 
of the stock is more than ten years old, 
while it seems that the life of a railcar 
should not exceed fifteen years. The 
French National Railways have there- 
fore been forced to make provision for 
building some 400 railcars and 500 
trailers over the next ten years. 

In the present note, we propose to 
give the general characteristics of the 
types retained, for reasons made clear 
in a preliminary report of the conditions 
under which these railcars will be used. 
The policy of the French National Rail- 
ways in this respect is obviously based 
on the experience acquired by the for- 
mer Companies and subsequently its 
own, so that we will begin by a short 
historical review of the evolution of rail- 
cars since 1931, when the first trials 
were carried out. 


I. Evolution of railears before the war. 


a) 1931-1934 period. — In 1931 and 
1932 the French railways, in an ende- 
avour to fight road competition, decided 
to carry out experiments with light rail- 
cars, designed above all for services on 
the secondary lines and for stopping or 
semi-through trains, profiting by the 
possibilities of weight reduction offered 
by the recent introduction of high speed 
diesel engines and the newest designs of 


5 


all metal bodies. As a result the first 
«railcars » were put into service in 1933 
and 1934, a name which may be cri- 
ticised but which has the merit of cal- 
ling to mind their analogies with road 
vehicles: lightness and high power 
weight ratio. 


For example the first « Michelines » 
were put into service in 1932 by the 
Michelin Company which has to _ its 
credit many years of research into the 
possibility of adapting pneumatic tyres 
to railway traction. 

The railcars of this period ‘were 
mostly of small capacity (about 45 seats) 
equipped with the same engines as road 
vehicles, the nominal horse power of 
which varied between 80 and 135, but 
was considerably lower in actual fact. 
Some typical railcars of the period are 
shown in the table on page 574 (Nos. 1 
to 4). 

These original railcars had many tech- 
nical defects, and though they were 
used for stopping services on secondary 
lines, their effective power weight ratio 
was often too low to enable the rela- 
tively high average speeds then required 
to be attained; moreover the co-ordina- 
tion measures in force at the time led 
to most of the lines for which they were 
intended being closed down. As a 
result in the years that followed the 
companies gave up designing small low 
power railcars. 

At about the same period larger rail- 
cars equipped with more powerful 
diesel engines, specially designed for 
the railway, were given a trial (the most 
typical example of this category is the 


Renault -type VH railcar, 


seats, and a 220 H.P. engine). 


with two 
bogies, weighing 23 t. empty, with 78 
These 
railcars, which could run at 110 km.. 
(68 miles) /h. and had very good accele- 
ration (Nos. 5 to 7 in the Table) could 
be used not only for stopping services 
but also for through and semi-through 
services. 

The average speed was about 90 km. 


any 
Used in this way however rail- 
neeting peaks of 
traffic, since the capacity offered was. 


bodies and impossible to use 
trailers. 


cars were incapable of 


“a 


practically invariable; it was conse-— 
quently necessary to multiply the ser- _ 
vices, which was not always possible, ®. 
else to run steam trains in their place. 
on days when the traffic was heavy, 
usually an expensive : solution. 


rea) 


° c t _s 


Year of | Nominal 
TYPE construc- | power of 
tion engines 
H.P. 
1 | SOMUA 4-wheeled .... 1933 80. 
2 | Charentaises with 4 pa- 
rallel pairs of wheels 
(Higa Tyee ae eee 1933 89 
3 Charentaises 4- pacer 1934 100 
4))\\_RenaultyZ Ones 1934 110 
5 | Renault VH type 1932.. 1933 220 
6 | Renault ABJ (Fig 2) ... 1935 300 
7 | De Dietrich 320 H. P.. 1936 2160 
8 | Acieries du Nord (Stan- |_ 2 
dard) (Eig. 3) sere 1933 2 x 300 
9 | Renault ADX2 ....... 1939 2 x 300 
10 | Decauville 640H. P. (elec- 
iricidrive) nes. Sein 1939 2 x 320 
11 Renault ADP ......... 1938 500 
12 | Micheline 56 seats ..... 1934 230 
13 | Micheline 96 seats ..... 1937 420 
14 | Bugatti 400 H.P....... 1935 2x 200 


ee == : 
Ra hiieme Use Weight | Power | 
Wa No. of ful empty | per | 
eH seats — area perm | ton — 
P _ of area of load | 
km/h t/m2- ae od 
90 50 048; le rd Bo | 
90 62 0.31 fare? 
90 55 0.30 ome | 
90 35 0.43) G6 ahi) 
110 78 0.30 | pia 
120 90 0.64 ih om 
120 90 0.71 ae 
120 ail mabe 1.07 93 
126 | 0.91 cise 
110 89 | 46.50 | 0.90 13 
125) erga 5 0.88 10.9 | 
110 72 cdg 12.8 | 
120 114 0.33 12.8 
140 68 0.59 10.8 


(55 miles)/h. on the through services, 
and 45 km. (28 miles)/h. on the stop- 
ping services; the latter figure in parti- 
cular was appreciably higher than that 
obtained with steam traction. — ‘ 
Owing to the particular importance 
then attached to maintaining such aver- 
age speeds, on account of the relatively 
low power of the engines then available, 
it was necessary to use particularly light 


b) 1935-1939 period. 


— During this 
period, for the reason mentioned above, 
the need for constantly increasing the 
capacity of railcars was kept in mind 
in all new designs : ; 

— by an increase in the length of the 
body, which was 30 m. (98’5'/;”) on the 


latest Michelines; thanks, to improve- 
ments made in the diesel engines, their 
power was increased to 265/280 H.P. 


SEPTEMBER 1948 


and subsequently 300/320 H.P. so that 
the power weight ratio remained unal- 
tered; 


— the use of doubling, consisting of 
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coupling two railcars together, each 
driven by its own driver, the leading 
driver transmitting to the second one 
the necessary information by means of 
optical or acoustic signals; 


— the designing of railcars which 
could run coupled together, the rear unit 
being controlled from a distance by the 
driver of the leading car; 


— the construction of articulated 
units, with two bodies carried on three 
bogies, with two 300 H.P. engines; 


— finally, after 1937, the putting into 
service of appreciably more powerful 
railcars, with two 300/320 H.P. engines 
or a single 500 H.P. engine, capable of 
hauling one or two light trailers, or an 
ordinary coach (Nos. 8 to 11 of the 
table). 

This brief historical review would be 
incomplete if we omitted to mention two 


Fig. 3. — Standard Nord railear with trailer. 


special categories of railcars, the Miche- 
lines and the Bugatti railcars, both of 
which were equipped not with diesel 
engines but with petrol engines (Nos. 12 
to 14 of the table). 


Between 1932 and 1939 the Michelin 


Rubber Company supplied the French 


railways with a hundred light railcars, 


—— Effectif total 
—  Autorails de faible capacité wes 


year 3 Autorails 4 bogies,de puissance moyenne 
, 


_—. Autorails puissants, a bogies 


1932 1933 1934 1935 1936 1937 1938 1939 1949 


Fig. 4. .— Graph showing the French National 


Railways stock of railcars. 


Explanation of French terms: 
Effectif total = Total strength. 
Autorails de faible capacité = Railcars of small 
capacity. 
Autorails 4 bogies de puissance moyenne = Bogie 
railcars of medium power. : 
Autorails puissants a bogies = 


A Powerful bogie 
railcars. P 


on pneumatics, with petrol engines, the 


prototypes of which were tried out in. 


1930. This firm played a large part in 
the development of railcars and contri- 


main lines. In this oe fiel ley 
were used at the same time as the diesel 
units supplied by. the Franco-B ge 
Company to the Nord railways. 

At the beginning of the war, . the | 
French National Railways 
owned some 800 railcars, three-fifths of 


which were 300 H.P. bogie units de- — 


signed to run singly or in pairs, but not 
suitable for trailers; the remainder con- 
sisted of about 150 low power units, the 
stock of which had remained unaltered 
since 1936, and about 180 powerful 
units, capable of hauling trailers, mostly 
built since 1936 (Fig. 4)... 

In order to build up its stock, reduced — 
to 600 owing to the war, the French 
National Railways have made provision 
in their. ten-year programme for the 
construction of : 

—  400- railcars of three different 
types, to which a few small railcars will 
be added for small lines, and 


— 500 special trailers. 


We will now describe the leading 
characteristics of these vehicles : 


II. Conditions under which the future 
railcars will be used. Choice of types 
to be adopted. 
Before the war railcars were used, as. 

we have already explained, for very — 


diverse services from express runs over 


long distances (Paris-Lille, Paris-Stras- 
bourg, Paris-Lyons, etc.) to the services’ 
on the few small secondary lines unaf- 
fected by the co-ordination measures; 
express parcels traffic was even worked | 
by means of railcar-vans. But although , 
the railcar was capable technically of 
adaptation to all these different services, 
giving in particular the additional speed — 


therefore — 


ae 


ie size, ‘so we ‘will not deal with 


a 


it is “difficult ag ane ves si 
ods. To improve matters from this 
nt of view it is absolutely essential to 
_ have e the engines sufficiently powerful to 

= enable a trailer to be added when the 
traffic | ‘makes this necessary without 
appreciably lowering the average speed. 
: As soon as the fact that it runs on its 
own is no longer considered to be an 
essential characteristic of the railcar, it 
becomes necessary to define the limit of 
its power; owing to the increase in the 
power of fast diesel engines, it will 
soon be possible to design twin-engined 
units with a power of more than 
1000 H.P. with which, in spite of this, 
part of the body will be available for 
use by passengers or their luggage in 
order to obtain the necessary minimum 
adhesion; it would be out of place to 
-_ eall such units « railcars », however, as 
: they can be used in exactly the same 
0) way. as a locomotive. It seems to us that 
the power of a railcar should be limited 

‘ to 600 H.P., as if this power is exceeded 
; it is not possible to run the railcars as 
single units, even on the most difficult 

~ sections of line, at a reasonable cost. 
On the other hand, a 600 H.P. railcar 
if can haul a light bogie trailer on most of 


ey 
= 
A 


ee eee st 
t ‘e™ “y 


on the easy cubic ane power teres 


: 
together at the same centre those which | 
are the most alike, in order to facilitate 


fore gives it all the flexibility in | working 
that is needed. 

Another source of difficulty encoun- 
tered in the use of railcars lies in the 
eat diversity of types in service which 
practice makes it necessary to group 


the work of the driving and maintenance 
staff; this entails some drawbacks from 
the operating point of view, and means 
that the railcars available are not always 
those best suited to the needs of the ser- 
vice in question. Consequently in the 
new programme it was essential to 
impose a strict limit on the number of 
types and to make their components as 
standardised as possible. 

The types of railcars retained by the 
French National Railways come under 
two categories : 


— the first includes railcars of rela- 
tively small capacity, with a moderate 
power weight ratio, but capable of haul- 
‘ing a light trailer, which are designed 
above all for serving secondary lines 
economically; 


— the second consists of bogie rail- 
cars, with a higher power weight ratio, 
capable of running at appreciably higher 
speeds than the steam trains, even when 
hauling trailers. 

These different railcars are required 
to meet the following requirements : 


— run through services on _ cross 
country lines between main lines where 
there are no convenient train services; 


—on certain important arteries 
where the stopping trains do not carry 
much traffic, complete the express ser- 
vices by collecting or distribution ser- 
vices connecting with the express trains 
at the important stations; 


— give a third service (in the middle 
of the day) on lines which are already 


trains morning and night; ‘ 


— replace steam trains on lines with 
little or very little traffic. 


gory (150 H.P. at the most). — The capa- 
city of railcars of this type PRES been 


served by means of steam stopping 


a) Railcars belonging to the first cate- 


will Hes on 100 aan (62 1 mi 
itself, and 80 km. (50 mil 


Coupe aabb 


i x ’ 
*4 : %54p 
‘ iy ; 76.06% 
7 _—— 
_ 


Voyageurs assis’ 


Voyageurs debout 
Total 


Fig. 5. — Diagram of the 150 H.P. railears.. a 


Explanation of French terms: 


6° cl, —ordiclass: 
Coupe = Section. 


Voyageurs assis = Seat 


Voyageurs debout 


determined in such a way that the 
desired performance can be obtained 
‘ with the largest engines in°’use on road 
vehicles in order to profit by the saving 
-in cost due to mass production. This 


consideration led to the 150 H.P. engine 


‘cs being adopted, so that the weight has 


; been limited to 30 tons loaded, to which 
Tah a light trailer can be added. 


eee ret room for. 


It will be seen that the fact that a 


150 H.P, engine is being used, taking ~ 
account. the technical progress 
made, has made it possible to get a 


into 


vehicle with an appreciably higher 


transport capacity than the first railears 


built about 1934, especially when the 


fact that a trailer can be added is taken 
The general arrangements © 


into account. 
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adopted, to which we will return later, 
should nevertheless lead to a moderate 
kilometric cost . 

But even taking into account the traf- 
fic allocated to the road in the case of 
secondary lines, the French National 


BULLETIN OF THE Int. Ramway ConcGress ASSOCIATION 579 


It is proposed to work such services 
either by means of small four wheeled 
railcars or by adapting road vehicles 
to run on the railway. This latter 
proposal which was tried once before 
without much success now seems to have 


Seats 


Standing room for . 


Total 


2nd. class. 3rd. class. 


56 
30 


86 


Fig. 6. — Diagram of the 600 H.P. railcars, 


Railways still have to assure passenger 
services on a certain number of small 
lines where the traffic is insufficient to 
justify the use of even the above type 
of railcar, so that in such cases it may 
be an advantage to reduce the capacity 
and increase the number of seryices. 


possibilities thanks to the increased 
strength of the bodies of standard road 
vehicles built according to principles 
followed for the last twenty years in the 
case of railway rolling stock (mono- 
block steel construction in which the 
body sides take part of the load) as well 


ing ‘of nei cenines crittn we ee 
on springs. 


y 
’ 


oa Owing to the small running resistance 
offered by the assembly « metal wheel- 
rail» compared with a pneumatic tyre 


_on the road, a motorbus altered in this 
‘tae way, hauling a trailer which doubles. “its 
mn ! capacity, will run at a higher speed than 
, ig it is capable of on the road by itself, the 
i ; f 
a | , +7 — ey = = —Pe 
Be : gooosmooor 
f- : 
2 | 
4 
: 
Bs, x 
A 
= 
>. ' b= Voyageurs assis 
4 “ jaar Voyageurs debout 
Fig. 7. — Diagram of the 300 H.P. railcar. 
Explanation of French terms: a M 
} : 
Coupe = Section. 
Voyageurs assis = Seats 
Voyageurs debout = Standing room for. 
fuel consumption being the same in both the gradients are only slight require a 
cases. less powerful engine, yet the railcar in 
/ Operating trials with motorbuses question must have a capacity, perfor- 
equipped in this way are in hand. mance and comfort at high speeds , 
b) Railcars of the 2nd category (300 rycen Beige possible with the — 
1s _ to 600. “HLP.); _—< In “this! category the; ~ Palseeieg iM ea 
wh French National Railways are building — in the present state of technical 
a, . twin engined railcars (2 x 300 H.P.) knowledge, the 600 HP. railcar is neces- 
“4 (Fig. 6), derived from similar types now _ sarily twin- engined, which increases the (. 
- in service which have given particular horse power cost and involves compli- 3% 
oa satisfaction. Such railcars, however, the cated maintenance owing to the greater / 
+ power of which is exactly equivalent to complication of the equipment. ae ma 
Bi ; . : 
- 1 
-, 
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services on many of the secondary lines 
however involve the use of country rail- 
cars overhaul of which, apart from the. 
daily check by the driver, must be at as 
long intervals as possible. It may be 
argued, it is true, that with the twin- 
engined railcars breakdowns are practi- 
cally unknown; but in view of the safe 
running of present day engines, this 
argument does not carry weight in our 


| 
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cars. It shows that certain composi- 
tions lead to comparable capacities and 
performances; the cost per mile of these 
compositions are also very similar. This 
must not lead to the conclusion that the 
600 H.P. railcar is superflous : apart 
from its high power weight ratio which 
makes it possible for it under good con- 
ditions to haul ordinary rolling stock 
(a bogie coach or parcels van for 


It tt 


Fampes %o 


Peed 
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Fig. 
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300 H.P. 
two 300 
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Vilesses en Ami /A 
8. — Performances of future railcars. 


Explanation of French terms: 
alone (torque 124 km./h.). 
with 2 bogie trailers (torque 124 km./h.). 
alone (torque 125.8 km./h.). 
H.P. with a bogie trailer (torque 125.8 km./h.). 
alone (torque 103 km./h.). 
with 4-wheeled trailer (torque 80.5 km./h.). 
Gradients. 


en km./h. = 


Speed in km./h. 


opinion except on very extensive sys- 
tems with very light traffic, which is 
not the case with the French lines. 

A second type of railcar, equipped 
with a single 300 H.P. engine (Fig. 7) 
has in consequence also been retained; 
it can run coupled up to a second rail- 
car of the same type, and a trailer can 
be added to them when the profile of the 
line so allows. 

The diagram (Fig. 8) shows all the 
possibilities of the 600 and 300 H.P. rail- 


example), it is better suited than the 
300 H.P. railcar in mountainous regions 
to an increase in the power weight ratio 
of the train on difficult sections, to the 
detriment of its capacity be it clearly 
understood. In general therefore it will 
be necessary to have the three types of 
railcars at the depots, the 600 H.P. type 
being the predominant one in the moun- 
tainous districts (Massif Central and 
Alps). 

Retaining these three types of railcars 


will necessitate the use of two kind 
trailers : one a four wheeler i 


for use with the 150 H.P. railcars in 
service on secondary lines, the other a_ 
bogie trailer (Fig. 9) of large capacity, 


Shieh. will be used with railcars of the 
second category. 


= Seeer 


Fig. 9. — Diagram of the bogie trailer. - 


Beplanation of French terms: 


Coupe = Section. 


Voyageurs assis = 


Voyageurs debout 
J 


III. The principal technical characteris- 
tics of the types of railcars and trailers 
adopted. 


Detailed descriptions of the three 
types of railcars will be published when 
these are put into service. We will limit 
ourselves therefore in this note to point- 
ing out the essential charaGheniesi cs of 
this stock. 


The engines. — In principle all the 
new railcars will be equipped with high 
speed diesel engines (1500 revs per 
min.) with mechanical injection, using 
gasoil, of types already tried out in ser- 


Seats. 


Standing room for. 


‘not on the bogies, so as to lighten the 


latter to the maximum possible extent 
and thus improve their her 


(*) This will involve giving up the 
struction of pneumatic tyred railears > 
require particularly light engines. It would 
however be a pity not to profit by the com- 
fort which pneumatic tyres give to railway , 
rolling stock, consisting above all in the al 
most, ‘complete suppression of noise and vibra- 
tion. For this reason the French National 
Railways, profiting by. the experience already 
obtained with their railears, are having three = 
pneumatic tyred sets built under the super- i; 
vision of the Micheline Company for the fast i; 
ee services between Paris and Strasbourg, mets 


ie: | 


‘Fig. 10. e— Detail of Pune of 600 H.P. railcar. 


; units, they are very satisfactory, and 


) ‘cost a.J ttle less than electric transmis- 
sion. Their chief advantage is the fact 


that they make it possible for the full 


power of the engine to be used at very 


_ different speeds (in practice lying be- 
‘tween 30 and 120 km. [18 and 75 mi- 
les]/h.), so that the same railcar can be 


used for very different services, from 
fast runs on level lines to stopping ser- 
vices on mountain lines, with a trailer. 
This advantage is further increased by 
the fact that to meet present day require- 
‘ments many railcars with mechanical 
transmission designed to run as single 
units at high average speeds have been 


. adapted for slower services where they 
haul trai 


ilers; the same cannot be said 
for railcars with electric transmission. 

The first series of railcars to be built 
will be fitted with Renault 150 and 
300 HP. transmissions of types already 


tried out on ‘many cars already in ser-— 


vice. — 
It would moreover seem to be possible, 
in view et the progress made in this 


mission, and as this power allt ‘shortly 
be obtained by supercharging the pre- 
sent 300 H.P. engines, the power of the 
300 and 600 H.P. railears could easily 
be increased by nearly 50 % if necessary. 


The bodies. — The bodies of the 600 
and 300 H.P. railcars will be made of 
steel, with the sides taking part of the 
load, of all welded construction; the 
frame is of the Vierendeel type without 
diagonals (Fig. 10). 
construction ensures great rigidity, 

- which is particularly vital on account of 
the large distance between bogie centres. 


The body of the 150 H.P. railcars, the - 


details of which have been designed by 
the Renault Company, is very similar to 
the bodies of many railcars already 
built by this firm : steel framework with 
diagonal bracing in the panels to which 
the internal and external light metal 
sheets are fixed; all the parts of the 
frame are made of square tubing 
(Fig. 11). This method of construction 
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Fig. 11. — Detail of frame of 150 H.P. railcar. 


makes it possible for most repairs to be 
carried out by the depots which is a 
very great advantage for these railcars 
which are used on lines at a distance 
from the large centres. 

On all future railcars specially design- 
ed fireproof partitions will separate the 


This method of | 


_ the engine. 
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driving compartment from that ceeapled 
by passengers. 

Finally in order to lower the cost and 
simplify the maintenance of the 150 and 
300 H.P. railcars, these vehicles will 
have a single driving compartment near 
This arrangement, already 
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The 600 and 300 H.P 
light weight bogies, ee tage. 
which, welded throughout, consists 


: relatively thin sheets. | 
On the ous hand, in Border to weno 
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Fig. 12. — Bogie of the 300 H.P. French National Railways railcar. 


tried out on other railcars, makes it pos- 
sible to simplify the drive, make use of 
direct control, which is certain in work- 


ing, while the engine is always in full. 


view of the driver. The driving com- 
partment, arranged on one side, and the 
roof of the railcar have been specially 
designed to give satisfactory visibility 
in either direction of running. 

Bogies, running gear, suspension, — 


moderate eaeedss 


0 HLP. 1 two) 


four parallel axles 


have been provided, in two groups of — 


two axles, similar in arrangement to that 
adopted in 1934 on the light railcars 
built by the EUR oa Industrielles 
Charentaises. 


On all three types of railcars, dua 
are roller-bearing axle boxes and one 
piece rolled steel wheels in special steel | 


held by a nut on a taper wheel seat, 


‘af. 7 
ae ~~ 


J Miah size ios the deems very Sule ae 

that,. taking into account the need to 
limit the specific pressure of the fittings 
to values compatible with reasonable 
wear, if is not possible to adopt this 


method of braking on pairs of wheels 


with a load of more than 8 t. 


_ suppressed and the horizontal play bet- 
ween Bere Sou and the axle boxes is 


oF brings” 
: In the case of the motor bogie cof ihe 


transmission — ae eee brought Sani 


a through the centre and there is no king 


pin; traction and braking efforts are 
transmitted to the body by cables. 


— ‘The brakes. — The railcars in service 


Fig. 13. — Diagram of the bogie suspension. 


Only the 150 H.P. railcars can there- 


fore be fitted with this type of brake; 


it has been found, however, that well 
designed brake shoes will be cheaper, 
easier to maintains, and practically as 
light. 

The three types of railcars and their 
trailers are therefore equipped with the 
classic type of brake, but with double 
shoes in order to reduce the specific 
pressure and so improve the perfor- 
mance whilst reducing wear. 

The brakes are operated by compres- 
sed air with JMD equipment assuring at 
one and the same time automatic work- 
ing, and moderate pressure and release, 


ej eae nee 
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an ordinary vehicle equipped: — 
Westinghouse brakes. On the 150 
railcars and their trailers, wi 
tares, compared with the useful - load, 
braking when loaded is realised by 
modifying the adjustment of the regu- 


lator and loosening the suspension 
- springs. 


Cooling the engines, heating. — On the 
150 and 300 H.P. railcars the driver can 


more or less regulate the water cooling | 


system by regulating the amount of air 
admitted to the radiator. On _ the 
600 H.P. railcars the engine ‘water: cir- 
cuit includes an automatic by-pass of the 
radiator controlled by thermostat, which 
keeps the temperature of the water bet- 
ween 60° and 70° C. (140 and 158° F.). 

On all these railcars which usually 
have to stand out in the open all the 
cooling water can be collected in an 
insulated tank under the floor, in which 
it remains warm during the night; when 
it is very cold a small petrol heater 
keeps it warm. 


The compartments are heated by 


separate ‘source of h 

The above are the | 
teristics of the three 
retained | by the French N: 
ways to complete and renew 
of railcars now in se 
tioned above they will b 
a certain aber of 


to pancien ‘traffic. 
Clee construction of ve above men- 


to be eee that these new units y 
soon be put into service to reinforce 
present stock which, in spite of certain 
imperfections and the damage sustained, 
has played a very important part in Oar 
restoring the passenger services since , 
the liberation: of the country. 
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_ Justin COLLE, 


Operating Manager of the Belgian National Railway Company. 


Member of the Permanent Commission of the International Railway Congress Association. 


It is with great regret that we have to 
report the untimely death on the 16th 
June of M. Justin CoLie, Operating Ma- 
nager of the Belgian National Railways, 
President of the [Vth Commission of the 
International Railway Union, and mem- 
ber of the Permanent Commission of our 
Association. y 

M. Justin CoLLe was born in 1892. 
After a brilliant scholastic career, he 


obtained his diploma as civil mining 
engineer at Liége University, and elec- 
trical engineer at the Montefiore Insti- 


_tute. 


He entered the service of the Belgian 
State Railways in 1919 as an engineer in 
the Rolling Stock Department, where his 
brilliant qualities soon attracted the at- 
tention of his superiors. 

Transferred to the Operating Depart- 
ment in 1927, he gained very rapid pro- 
motion and finally became manager. 

He was able to use his remarkable 
organizing faculties to the utmost in the 
restoration of the railway after the 
liberation of Belgium in 1944. The im- 
portant part he played in'the organisa- 
tion of military transport and the excep- 
tional services he rendered in this 
connection earned him the most flatter- 
ing testimonials from the Allied Govern- 
ments. \ 

Well known and much appreciated in 
international railway organisations, he 
was a member of the Permanent Com- 
mission of the International Railway 
Congress Association, and a member of 
the International Timetables Conference 
on ‘which he was president of the Nord- 
Express and Ostend-Vienna Express 
groups. He also represented the Bel- 
gian National Railways in the RIC and 
RIV Unions, as well as on other inter- 
national organisations. 

In 1946, he was chosen to preside 
over the IVth Commission of the Inter- 
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national Railway Union. His great 


personal charm, the soundness of his_ 


judgment, his broadmindedness and 
courtesy, and the tact he employed in 
all these official capacities justly won 
him the highest estime and sympathy 
of all the delegations. 

M. CoLLE was elected a member of 
the Permanent Commission of our As- 
sociation in 1946 and always took the 
greatest interest in its work. His par- 
ticipation in the work of the Railway 
Congress dates back to the Paris Session 
in 1937 where he was the Reporter for 
Question VIII « Application of rational 
methods of organisation (planning) to 
goods transport». We would also re- 
call the important part he played during 
the discussions on the important ques- 
tion of the organisation of passenger 


Baie services at the recent 


Session (1947). 


His remarkable career was recognised — 


by the award of many Belgian and fo- 
reign orders : q 


he was Officer of the 
Order of eopbld: and also held the 
«Medal of Freedom» and the British 
Empire Cross, as well as other -decora- 
tions. 


An eminent official and a striking — 


personality, very upright, full of energy 
and of a rare degree of competence, his — 
loss will be felt both in Belgium and_ 
abroad by all those who had. the pri- 
vilege of knowing and working with 
ah 

We offer his family our sincerest con- — 
dolences. 


. The Executive Committee. 


‘Lucerne. | 


Dd ) PUBLICATIONS. 


u cours d’Exploitation des Chemins de fer a 


_LUniversité 


ir Ede V Association Internationale du oe des Cronies 


.B. — ee Tocuinelve, Description! aispanice de’: ses organes 
a ee a, description of its component parts) (4th edition). — 
‘ie x 9s anes) of in) Ai with 822 eet — 1948, Louvain, Librairie 


When this book first auvened in 1913, 
it was enthousiastically welcomed by 
the tra ion staff of the Belgian rail- 
ays. Those who, like the writer of 
e lines, have had frequent discus- 
sions with the shop staff and train staff 
have often had occasion to note how 
Ww lis book has been read and 
appreciated. It is invoked, it is con- 
sulted, it is used to prepare for examina- 
tions for promotion. 


There is no need to be astonished at 
this. At that time, and still to-day the 
work of Messrs. LAMALLE and LEGEIN is 
the only reference book available on 
this subject in Belgium. To say that it 
fills a gap is an understatement; it does 
away with a complete void. The reason 
for its ever growing fame and popularity 
are to be found in the intrinsic merits of 
the book itself. The authors who are 


_ primarily traction men in spite of their 


other activities have a full knowledge of 
their readers and of their material. 
They know the needs of those who come 
in contact with the actual facts and 
eagle had, no ee Pera ay Their 


taining Mes ona the: test 
To be true certain descriptions and 
explanations can be found in the admin- 


istrative instructions which are very 


clearly worded and made clearer by 
drawings and the necessary diagrams, 


or in the notices issued by the suppliers 
of various equipment. But these are 
scattered documents, and whatever their 
value in themselves, they can only be 


fully appreciated by those who can 


collect together a methodical documenta- 
tion. For the others the real instru- 
ment of study is the book. 

. The book now being reviewed has the 
inestimable advantage for readers who 
are not very well informed of giving 
them a choice made by enlightened 
writers, a choice covering not only the 
subject dealt with but also the ideas 
developed and the way they are pre- 
sented. A whole series of fundamental 
data, both theoretical and _ practical, 
covering various fields, such as physics, 
general mechanics, mechanics of heat, 
knowledge of materials, makes it un- 
necessary for the reader to look for fur- 
ther explanations elsewhere. They make 
it possible for him to understand the 
arrangements adopted and the working 
of the numerous parts of an engine 
which is at one and same time a genera- 
tor of steam, a steam engine, and a vehi- 
cle running on rails. 

No doubt the other side of the ques- 
tion is the stability, the finality of a 
book whereas technique evolves, often 
very rapidly. Here the true worth of 
the authors can be appreciated for they 
have profited by the chance of each 


“Twenty years have pas € 
Bulletin reported the public 
third edition, twenty years. in 
pany aiienaltons and jnpevaliogg l 


prepared ithe fourth edition of tl 
‘fa Owing to force of circumstan 
Ape traction stock has become very variec 

New devices have been introduced sone 

of them inspired by American prac 
’ Steam distribution has been the eaniect. 
of much research work leading to the 
use of valves. Lubrication, a matter of 


ss great interest to the engineman, I has been 
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